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INTRODUCTTION

Leadville, a high altitude (10,200 feet) mountain commanity in Colorado,
has been the site of extensive mining, milling and smelting of precious and
base metals since 1860. Soil surveys done in connection with a remedial
investigation of a Superfund site (California Gulch) found elevated levels of

lead (PL';), arsenic (As), and cadmium (Cd) in surface soils in residential

areas. A study of heavy metal exposure: to individuals living in Leadville,

Colorado is described in this report.

OBJECTIVES

The objectives of this study were to:

* Determine the levels of heavy metals and other J’n:licgtors of metal toxicity
in the blood and urine of individuals, principally young children, living in
the Ieadville community.

* Determine whether these levels are different from national averages or from

those abtained in similar studies in areas ‘such as East Helena, Montana.

* Characterize the levels of heavy metals in the residential envirorment and
the relationships of human exposure to envirommental concentrations..

* Determine the extent to which envirommental, behavioral and socio-economic

factors are predictive of heavy metal exposure to individuals in the area.

-]



Because of concerns about possible heavy metal exposure within the
commmity, a soil survey was conducted in Leadville for the Colorado
Department of Law, in October of 1986 (1). The results of this survey showed
that more than 60% of the residential surface soils sampled had lead levels
higher than 1,000 parts per million (ppm) and Amore‘ than 80% had levels higher

"than 500 ppm. The range was from 110 to 12,000 ppm. Cadmium levels ranged

from 1 to 150 ppm and soil arsenic from 5 to 580 ppm. By way of compariscn, a
survey of U.S. cropland soils found median 5011 concentrations for lead and

cadmium to be 11 ppm and 0.2 ppm, respectively, with 99% of the values for

lead and cadmium below 120 ppm and 1.3 ppm, respectively (2). Other soil

surveys have reported that the geometric means for concentrations of lead,

arsenic and cadmium in Western U.S. soils are 14 ppm, 6.1 ppm, and <1 ppm,

respectively with 95% of the values for these elements between 5-67 ppm, 1-20

pem and <1-10 ppm, respectively (3).

The Centers for Disease Control (CDC) has stated that increases in blood
lead concentrations, especially in young children, are associated with
exposures to soils containing more than 500;1,-000 pem lead (4). The interest
in soil lead concentrations arises from evidence that inadvertant soil -

ingestion by children can lead to significant lead exposure. Studies have
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linked lead in the blood of children to lead in dust on children’s hands to
lead in floor and sill dust J.n houses and to lead in the soil Qutside the

children’s houses (5). Studies also show an important interplay between

" ervirormental sources of lead, socio—economic factors and the blood lead of

children (5).

Numerous studies have demonstrated that excess exposure to lead,

cadmium, and arsenic constitute a significant health risk to humans. These

" risks include low birth weight (Pb), and other adverse reproductive effects

(Fb), developmental deficits (Pb), anemia (Pb), effects on the central nervous
system (Pb), and kidney (Pb, Cd), poterrtlal adverse effects on blood pressure
(Fb, Cd), cancer (As, Cd, Pb) and a variety of other adverse effects depending

upon the magnitude and duration of exposure (6~11).

Neurological effects of lead in children were recognized as early as
1504 (12), but for many years physicians assumed that these effects were
reversible upon removal of the children from a leaded envirorment. In 1943,
researchers (13) reported that lead had long term effects on the intellectual

achievements and behavior of school duldren

As the result of continuing investigations over the past several
decades, the level of blood lead, as measured in terms of micrograms of lead

‘per deciliter of blood or ug/dl (a measure of lead exposure) that is .

considered to cause health effects in young children, has dropped
dramatically. During theleSOs, 60 ug/dl was considered a safe level of lead
in the blood for children. This was revised dowrward to 40 ug/dl in 1973, |
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to 30 ug/dl in 1978 and to 25 ug/dl in 1985 (4). In its 1985 statement, CEC

explicitly stated that "The terms (defining lead toxicity) should not be

interpreted as implying that a safe level of blood lead has been established."

In the past several years, careful studies of groups of children
followed from before birth to ages of 5 and 6 years 0ld have shown that
newrctoxic effects are cbserved at blood lead levels well below 25 ug/dl

(14-17). In fact, these studies have shown that prenatal (indicated by cord

/- blocd) as well as post-natal exposures to blood lead levels as low as 10 to 15

ug/dl are associated with mumerous disabilities including cognitive deficit
and reductions in birth weight and growth rates. Several of these studies
predict an average deficit of approximately 5 intelligence quotient (IQ)
points for every 10 ug/dl increase in blood lead. Needleman, et al., (18)
argues that when children with elevated blood lead levels had an average drop
of 4 points in IQ, there would be three times as many with IOs below 80 in the

' high lead group (campared to the low lead group) and none of the high lead

group would be expected to have an IQ above 12S.

Additicnally, Schwartz, et al. found effects on hearing and
neurchehavioral development (19). These studies imply that if there is a
threshold for lead toxicity in children, it is below a value of between 10 and

15 ug/dl.

. Research also shows that the fetus is at risk (20) as well as the
pre-schbol child. There is some evidence (21), that pregnancy and lacﬁation

~4-
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has the effect of mobilizing the lead ingested by the mother when she was a

~child and stored in the bone where lead is very stable, leading to

transplacermtal exposure of the fetus.

while evidence points to the fetus and young child as the most
vulnerable individuals for ’leadv exposure, there is also some recent evidence
that middle aged males with higher than average blood lead levels have a
greater risk of hypertension (22) and that lead may aggravate osteoporosis in

post menopausal wamen when their bone lead stores are released by the

postmencpausal demineraljzation processes (21).

_ Free erythrocyte protoporphyrin (FEP) is a measure of lead toxicity, in
that lead prohibits activity of ferric chelatase, an enzyme necessary for the

production of hemoglobin.

mm,ofwhatwekrmaboutarser;icandcadmimpisdkarived fram
occupational studies. Occupational studies of cadmium workers indicate an
increased occurrence of lung cancer among those exposed to high level of
cadmium through inhalation. This same population has shown evidence of kidney

toxicity.

Beta-2-microglobulin is a substance measured in the urine of individuals
occupationally exposed to cadmium. Its presence in the urine in the face of a
history of prolonged high level exposures may indicate poisoning of the

‘ kidrxey's reabsorption mechanism.



Chronic arsenic exposure can affect the skin, liver, cardiovascular
system, hematopoietic system and respiratory tract. In addition, populations
exposed to arsenic through drinking water have an increased risk of skin-

cancer.

As a result of the elevated levels of arsenic, cadmium and lead in the
surface soils of Leadville, the Colorado Department of Health requested and
received funding and technical assistance from the Agency for Toxic Substances
‘and Disease Registry (ATSIR) in performing a heavy metals exposure assessment
of the camnmmnity. The Envirormental Protection Agency (EPA) provided analysis

of envirormental samples other than water.



SITE G‘IARACI‘ERIZATION

Mining began in the leadville district in 1860 following the discovery

of placer gold, which is generated from alluvial and glacial deposits, in

california Gulch. Although placer deposits were rapidly depleted, gold ore

veins were discovered in 1868. The exhaustion of these ores in 1872 was

follcwed by the discovery of oxidized ores consisting of lead and silver

"carbonate in 1875 causing ancther mining "bocm". Between 1875 and 1880, 44

smelters were built in the area, same of which operated only a short time.

later, sulfide ores were mined for silver and lead and around the turn
of the century, zinc became a mineable commodity. As a result, from 1899
until the present, considerable‘ quantities of lead and zinc have been‘ mined
and milled in the area. It is estimated that between 1860 and 1966 the total
production of lead and zinc concentrates were approximately 1,000,000 and.
700,000 tons, respectively. |

The last smelter which extracted the metals from the ores ceased
operation in 1961. At present, only one lead and zinc mine and mill is still
in operation; the Black Cloud which is owned by American Smelting and Refining

Campany (ASARQD) .

Waste material from these operations consisted of the large volume of
rock or "cveﬂﬁzrden_"" removed from the mine, tailings resulting from the
milling process, concentrate from the milling process that is lost from
haulage, smelter emissions and slag from smelters

. "7"".



The mining, milling and smelting operations were located on the edge of |
apd‘ within the pr&se.frt community of Leadville. As a result, the various waste
materials have been dispersed by erosion, resuspension and deposition
throughout. the commmnity. In addition to the contamination of soils by
industrial processes, there were probably high background levels of heavy
nétals resulting from the rich mineralization of the area. '

The Yak Tunnel (Figure 1) was constructed around the twrn of the century

‘to drain water from deeper mines in addition to providing ventilation and a

route for ore haulage. California Gulch is the site of approximately 45 acres
of tailings piles. Ancther area of the site, known as Stray Horse Gulch, is
estimated to contain approximately 100 acres of waste piles, | including mine
dumps. (overburden), tailings and prospect »'pi‘t's. Typical concentrations for
arsenic, cadmium and lea»d'.AJ'.‘n the tailings are approximately 300 ppm, 70 ppm
and 10,000 ppm, respectively. The identification of water contamination froin
variocus wastes and abandoned mines as well as concern over windblown dust from
the tailings piles resulted in the mcluSmn of the California Gulch site on

the National Priority List in 1983.

- Leadville proper sits on mixed glacial depos:.ts The mining district
east of town can generallyberegardedas bemg separated into areas of
reduced mineralization, "Primary Zone" (e.g. upstream along C‘alifomia Gulch), |
and areas of oxl.d:.zed mineralization (e.g. Carbonate Hill, Stray Horse
Gulch). The axidized forms, which account for about 50% of total mined ores,
are thought to have been formed as a result of glacial and intrusive volcanic
activity on the originally reduced minerals. Ores from the primary zones have
higher percentages of galena (lead sulfide) and sphalerite (cadmium, zinc
sulfide); while ares from the "‘o,xidizedﬁ areas are dominated by cerusite (lead

carbonate), anglesite (lead sulfate), and massicot (lead oxide).
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In most lead mining districts, such as Flat River, Missouri, the
predaminant form of lead is galena or lead sulfide. The mineral deposits in
Ieadville are unusual because the mineral forms of lead are predominately

_cerusite, anglesite and massicot rather than galena.

In the envirommental sampling conducted in October, 1986, the Colorado
Department. of Health collected surface and subsurface soil samples from
rs:.dent:.al and cammercial areas of incorporated leadville and the nearby

' cammmnity of Strmgtown, located 2-3 miles southwest of Leadville (Figure 1).

Most of the soil samples were from residential areas.

A total of 157 samples were collected from approximately 82 blocks of
Leadville and 10 sampling locations in Stringtown. Sampling sites were
separated by approximately cne city block. The city blocks sampled were
chosen on a random basis with more extensive sampling in quadxarrts near
tailings §ila£. While there was scme tendency for the higher levels to be in |
the areas near the tallmgs piles, the geographical distribution, particularly
for lead, showed high levels _

(>1000 ppxﬁ) throughouit the town. The highest levels for arsenic occurred in
Stringtown, the location of several past smelter operations. | |



LEADVILIE SURVEY METHODS

The Leadville Metals Exposure Study described in this report consisted
of two phases: Phase I was a census of individuals living in thé survey area,
necessitated because of extensive ocut-migration since the 1980 census, and
Phase IT was the collection of biological specimens, questionnaire data and
household envircrmental samples frcm a subset of individuals identified in

"Ph.aseI.

| Before the survey began, a variety of individuals and organizations in
Ieadville were contacted and informed about the survey. Included were the
county commissioners, mayor, town m‘ahager, local clergy, local press and
cammunity business leaders. Their support was solicited in an attempt to
lesseﬁ antagonism between local townspeople and any goverrmental agency.
Additionally, we hired lLeadville residents for survey work and attempted to

use local services as much as possible.

Phase I

Training of the census takers included an orientation to the study,
information on how to approach households and solicit participation in the
census, instructions on how to camplete the Census Form, role playing to
discuss potentially difficult situations, and administrative details such as
how to fill cut time sheets. In addition to a training session, census

=10~



the Block Survey and Census Forms were to be completed (Attachment A). The
census was conducted using a Block Survey Form on which each family household
on a block was listed and the Census Form where demographic data from a family
was recorded. The Census Form was also used. to.tn;ck the number of attempts

to contact the residents of a house and to describe completion status; whether
‘the family participated or refused to participate in the census, whether the
dwelling was an invalid addr%s. (i.e. business) or whether contact was

The census of the ILeadville area using a town block map began on

September 10.,,4 1987. Workers were initially assigned one to three blocks in

areas of town with which they were most familiar; as those were completed,

additional blocks were assigned. The census was conducted from 9:00 am

through 9:00 pm Monday through Saturday, September 10 through September 20.

The hours worked on Sundays were flexible and depended on worker availability.

If an adult (18 years or older) was at hame, the worker campleted the
Census Form; J.fnooneorammrwasathcne, a letter (Attadmle.ntB) was
left which explained the study and also gave household members the option of
calling the study headquarters with the census inférmation.

A list ofnanyofmehmzssﬂmidtwerevacantand/or for rent was

cbtained from local realtors In addition, it was 6ft:en- possible to determine
- visually whether a house was vacant. Vacant houses were confirmed with

ne:.ghbozs when possible. Each household on every block in the survey area was
contacted at least four times on different days at different times before it
was assigned a "No Contact" status. Census Forms were reviewed ‘each evening

and areas which appea.red to have emessive.numbers of no contacts were visited

again for a fifth contact.
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Data from the Census Forms were entered into a computer usmg SURVEY, a
data base manager developed by the Center for Envirormental Health (CEH) at

the COC for use in the field. Census forms were filed by Household

'Iderttificztion rumbers as eligible forms, invalid address, refusal or no

contact after four attempts. Households with children 6 months to 71 months
were contacted immediately by the coordinator to schedule an appointment for
Phase IT of the survey All indivi&uals, 6 years and older were randomly

sampled .after campletion of the census. Individuals older than 1‘8‘yearsvof'

"'ageselectedintherardansanpleWereas:kedtoparticipateinPhaseIIofthe

survey. Parents of children yournger than 18 years of age selected in the
random sample were asked if their children could participate in Phase II of

the survey.

Phase TI
Survey Implementation and Questionnaire Administration

The first part of Phase IT training involved a brief orientation to the
study and instructions on administering the Consent Form for cbtaining
bioclogic samples and the Questiomnaire (Attachment C). In the second part of
Phase IT training, workers were instructed on the chjectives and techniques
involved in collecting the envirormental samples. This included training in
the collection of dust, soil and water samples, prevention of
cross-contamination of samples, and use of the x-ray‘fluores&:ence' (XRF)
instrument, in addition to completion of the forms associated with each aspect
of sampling (Attactment D). -



Phase II of the project involved the procedures listed below for all

families with children under 6 years old, and randomly sampled individuals 6

" years or older identifed during thé census.

Appointments were scheduled at the family hame by telephoning the family
and soliciting participation in the survey. Repeated attempts were made until
the last day of the survey to reach families where there was no answer to

telephone calls; the family was then considered a "No Contact". Families

wn.thout a telephone were visited, asked to participate and were scheduled for

a survey team visit. Responses ranged from scheduling an appointment on the
first phane call or contact to indicating they would like a call back after
discussing the project with other family members. Scheduling an appoin‘anen{:
tock from cne to six contacts. Some pecple indicated they would call the
survey team back and if they did not, they‘were contacted again in an aﬁtempt

~to schedule an appointment. Appointments were scheduled from 9:00 am to 9:00

pn, at the participant’s corvenience.

The survey team included a phlebotomist, (a pediatric phlebotomist if
there was a child under six years old scheduled), an assistant (if the subject
was. under six years old) to discuss the Consent Form and administer the

Questiomnaire and three envirommental samplers; for indoor dust sampling,

cutdoorsoxlsamplngarﬂmeasurmgleadmthepamtusmgthem

instrument. | When a child less than six was not involved, the phlebotomist

would also administer the Consent Form and the Questicnnaire.

. =13-
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The Questionnaire collected demographic, socioceconomic, occupational and
behaviorial characteristics for each individual participating in the survey.
Attempts were made to schedule appointments so that at least two survey teams

wer'ev operatumg simultanecusly.
Biological Sampling, Preparation and Analysis

Trained phlebotomists drew a minimum of 1.75 milliliters (ml) of blood

i fram each selected study subject into a 3 ml vacutainer to ensure the proper
" ratio of anticoagulant to blood. A second vacutainer was abtained for

hematocrit and hemoglabin. Tubes were then inverted several times to ensure
proper mixing and labeled with the date and a pi‘eviously assigned laboratory

The blood samples were logged in on a chain of custody list as they were
brought in from appointments and again when shipped for analysis or taken to
the local hospital laboratory. f‘ollcwin_g campletion of each day’s

appointments, the second vacutainers were taken to the local hospital

laboratory where hemoglobin and hematocrit analyses were performed. Blood. |
samples were refrigerated until shipment to CDC for lead and FEPs analyses.

First morning void urine samples were requested from a random sample of
fifty children between three and five years and all participants six years or

-14=-
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older. The collection cup was prepared and left at the study subject’s home

with instructions for collecting the sample. The cup was picked up by study

personnel the following morning before 8:00, logged in on a chain of custody

list and refrigerated.

A field urine blank was prepared every 20 samples. The study subject
was asked to pour approximately 50 ml of deionized water into a 250 ml

collection cup, using the same procedure as with the urine samples. The cup

"was labeled with a mumber, "field blank", and date, then stored and procéssed

inthesamemyastheéﬂzerurinesamples.

Each day’s collection of urine samples was processed that morning in the

laboratory of the local hospital. Each sample was divided into four aliquots

in the following order: 1) HNOj acidified for urine cd and As analysis—tubes
labeled with a turquoise dot, 2) azide addition for urine beta-2-microglobulin
analysis—tubes labeled with a pink dot, 3) untreated for urine creatinine
analysis, and 4) untreated for a reserve. Preparation of the acidified sample»
was prepared by pouring 12 ml urine into a 15 ml labeled conical bottam
plastic tube, adding 100 ul concentra "Suprapur" ni&ic acid, capping and
then inverting the tube seve.ml times. For the azide sample, 5 ml of urine

was poured into a 6 ml labeled plastic tube that contained an azide mixture
(sodlum azide, sodium carbonate and aprotinin in solution), capped and

. inverted. metmmrt::eatedSmlallquotswerepouredmtosmllabeled

plastic_: tubes for creatinine analysxs and a reserve. All samples were frozen
immediately (2-5 mimutes after preparation) in a dry ice/alcchol



bath' and remained frozen until analysis by CDC. Specific gravity was measured
at this time on the remaining sample using a urine refractometer. In addition
to the field blanks (cne evexy 20 samples), a lab blank was run each day the
urine samples were collected and processed. Deionized water at the lab was

used to prepare the four aliquots in the same manner as described above.

Biologic analyses for lead, FEP, arsenic, cadmium and
bet:a-Z-xﬁicmglobulim were performed by CDC (23-27).

Envirommental Sampling, Preparation and Analysis

The following erm.romxem:al samples were attained from each héusehold:
1) one camposite floor dust sample consisting of samples from the main |
 entrance, the subject’s bedroom and the subject’rsvmain rocam, the room where
the subject spends most of their time (i.e. 1iving§:t>cm, kitchen, playroom)
(28), 2) one composite windowsill dust sample consisting of samples from all
windowsills in the subject’s bedroam and the subject’s main room (28), 3) two
exterior surface scrapings from an exposed dirt _su.rface from where the child
played (as defined by the parents) and at the main entrance of the house, 4)
an exterior séil core that was a camposite of four core samples taken in the
front yard, 5) an exterior soil core that was a composite of four core samples
taken in the back yard, 6) one water grab sample from the house tap water, (it
was recogm.zed that first draw and fully flushed samples would be better
techniques, but the team felt that the inconvenience posed by such sampling
would adversely impact on the partiéipation rate) and 7) XRF lead paint
readings on the interior and exterior of the house. |



e ———

The household dust sampling device consisted of a personal sampler pilmp,
battery operated Bendix Corporation Envirommental Sciences Division Model BDX
30/31. Tygon tubing, S-50-HL 6.4 mm o.d., was used to connect the pump to a

polystyrene sampling cassette. The sampling cassette was a 37 mm diaméter,

" three piece, Aerosol Analysis Monitors cassette, preassembled with a thin

cellulose support pad, 0.8 um mixed cellulose ester plain white filter, with
stoppers (Millipore Corp.). The cassette is connected with Tygon tubing to a
stainless steel sampler nozzle, a 5 x 1 cm i.d. stainless steel 306 tube

‘campressed at the sampling end to a 1.5 cm wide by 3 mm aperture (28).

Each floor area sample was measured using a plexiglass template, 22 cam x
22 cm square for a unit area of 484 cm?. Three passes, each uni-directional

were made over the unit area, the second pass at a 90° angle to the first

. (perperdicular), and the third pass at a 45° ancjle to the second (diagonal).

On surfaces with long carpet, i.e., shag plush carpet, a fourth pass at a 90°
angle to the third pass (other diagonal) was made. The pump flow rate was set

‘at 2 liters/mimute. The sampler cassettes were removed after the entire

cdnpo'site sample was taken, the stoppers replaced and the cassette labeled.
The sampler nozzle and hose were cleaned between camposite samplings by
rinsing with household tap water, followed by a deionized water rinse and air

dried.
The windowsills were sampled in an identical marmer except that the 22 x
22 cm template was not used. The entire sill was sampled and the area of the

sill measured after the sampling. .
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A singie- water sample was taken and stored in an acid washed 500 ml
polyethylene bottle containing 1 ml triply distilled concentrated nitric acid.
The bottle remained closed until just before sampling. Each sample was taken
from the kitchen cold water supply. The water was allowed to run for 10
seconds; the bottle was then filled, capped and labeled. '

The exterior surface samples wére taken using a stainless steel curved
spatula to scrape off the loose superficial soil/dust of the sampling
"location. This technique is described in Bormschein, et al. (29). If the
area was large (i.e. an unpaved driveway or play area) several samples were
taken and composited. The samplés were placed and stored in labeled small

Ziploc bags.

A second exterior surface sample was cbtained from the entry way of the |
house. A minimm of 50 mg for each sample was collected and any cbvious

twigs, insects, trash, etc., were avoided.

A ccmpos:.te sample of four different core samples, was taken using a
: standard laboratory steel, 1/4 inch 1d core borer and punch. A one inch
deép sample was taken at the marked level on the core borer and the soil
sample pushed ut of the borer with the punch into a small labeled Ziploc
bag. These were taken along the drip lines (roof edge) in the front and back -
yards, campositing four samples at roughly equal intervals. While the drip
lines do not necessanly repraent the play areas for children, they do allow

for a consistent, and relatively repeatable measurement.
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All exterior samples were dried in Ziploc bags using a microwave oven.
Once thoroughly dry, they were sieved through a plastic screen with
approximately 2 mm x 2 mm pores. The samples were placed into EPA approved

glass. containers for shipment to EPA contract labs.

The dusts and exterior scrapes and cores were all analyzed for lead,
arsenic, and cadmium by EPA contract labs. The methodology of sample
prepaxatmns and analytical procedures are described in "EPA User’s Guide to

"the Contract Laboratory Program" December, 1986 and “"Contract Laboratory

Statement of Work" July, 1985.

The water samples were analyzed by the Colorado Department of Health for

lead. The analytical procedure is described in Attachment E.

The painted surfaces in the rooms were measured for the presence of lead
with a portable, hand-held, XRF lead-in-paint analyzer, Princeton Gamma Tech

XK-3 model. The XRF was checked for accuracy at the beginning of each day and

immediately before each rsidence was sampled by taking a reading of National

‘Bureau of Standards (NBS) lead foil standards. At each sampling site, the XRF
was held against the wall, and three consecutive readings taken (readings are

in mg/cm® Pb), each reading taking 15 to 30 seconds. The three readings and
the locatiaons ofv the sampling sites were recorded (Att:a,ctmerit D). Also noted
was the general condition of the paint, excessive peeling, chipping, etc.

. 'Ihe sites for XRF readings were any pamted surfaces, with paxticu;ar
attention paid to any surfaces chipped or in poor condition. Although each
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house had similar sites sampled, the exact location and number of sites varied
depending on the unique occurrences of painted surfaces. The paint on the
walls and trim (doors and windows) of the subject’s main room and bedroom were

usually measured. Often the trim and doors in the kitchens, baths, and

" entries were measured. In addition, occasional pieces of painted furniture

(cribs, high chairs, etc.) were sampled. A total of 6-8 sites were usually
measured on the interior. On the exterior, painted siding and entxy trims
were usually measured. Other sites of interest included siding on

| outbuildings, trim on windows, shutters, porches and assorted furniture

(picnic tables, flower boxes, wagons). Typically, a total of 4-6 exterior

sites were sampled.
Quality Control

Att'admem".év F and G detail the quality control procedures for the
biclogic and envirormental sampling. All of the forms used and samples
collected were tagged using labels generated prior to the study by ATSDR |
(Attachment H). The first two-digit mumber on the label indicated the year of

the study which was followed by a four-digit ATSIR study identification

mmber, followed by another four-digit identification rumber assigned to each
study participant and a character code which identified the type of sample
collected. Once an appointment was scheduled, a file was begun for each-
household. . This file mcluded a Consent Form; Questionnaire and sampling
forms. All forms were labeled and the‘ranajm'.ng labels were placed in the

 file to be used in the field to tag the biologic and envirormental samples

collected.
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Data Management

After campletion of the survey, each Questionnaire was reviewed and

individual and household completion status assigned: complete, refuséd,

‘unable to contact, envirormental sampling complete/missing child blood lead,

environmental sampling complete/missing child hematocrit, environmental
sampling camplete/missing child urine, environmental sampling complete/missing
adult urine, envircrmental sampllng camplete/missing adult blood and urine,

envirommental sampling complete/refused on child under six but adult

participated, envirommental sampling complete/m.ssmg urine on one child and

" blood on ancther and ernvirormental sampling complete/missing child blood.

Copies of the Questionnaires were sent to CDC for keypunching and .

editing. Data were keypund'led twice for verification. A variety of logical

' checks were performed to test the accuracy of the data and corrections made.

Personnel at CDC generated a SAS data set which was sent to the Colorado

Department of Health for further data analyses.

Each hoﬁsehold generated sifx‘envirormental'sanples which were sent to .
EPA comtract laboratories for trace chemical analyses. Along with raw summary
data, standard data, and quality control data, a summary analysis sheet was
returned for each sample. Each form was coded to indicate sample type
including dust floor, dust sill, scrape entry, . scmpe play or core play, core
front and core rear, each irdividual's lab label and household
(Attactment I). These forms were copied and sent to COC for keypunching.
These data were also keypunched twice for verification.
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Data frum the XRF testing in each home were computerized by CDH

. persannel using the data base manager Dbase III+. Computerized data were

checked agamst hard copy to identify data entry errors. These data were then
converted to a SAS data set and merged with the larger SAS data set returned

from CDC.
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All the data were analyzed using Personal Camputer Statistical' Analysis
Systems (BCSAS). Data amalyses focused on children 6 to 71 months of age
since behavioral characteristics place them at high risk for metal exposure in
this setting. Same analyses further restricted the data to children less than
three years as the population most likely to be at greatest risk of exéessive

exposure due to mouthing behaviors.

Univariate analyses of the questionnaire data were performed using
_t-tests ard analysis of variance. 0dds ratios were calculated for behaviorial
duaract:erlstlcs and blood lead levels <10 or > 10 ug/dl. The associations
between envirarmental sampl»ing results and biological values were examined
usmg correlat:.on coefficients. Stepwise forward regression was used to

" develop mode.ls explaining the variation in blood lead levels. ‘

As is typical in such studies (33) the natural logarithm of the blood
- lead levels and envirommental sampling results were more normally distributed
than the blood lead values themselves. All statistical analyses were
performed using log-transformed blood lead values and erm.ronmental sampling
results. Biological and envirommental values that were below the detection
Limit were used at 1/2 of the detection limit for all statistical analyses.



Same households had more than one child participating in the survey,
which raised the issue of possible decreased variability in the data for
siblings in the same household than for children of the same age in different
households. This was addressed by comparing the mean blood lead level and
standarﬂ deviation for households with more than one child participating in
the study with the mean blood level and standard _cieviation for all children in

the study.
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RESFONSE TO PARTICIPANTS

Each individual participating in the survey received a letter listing
and discussing the significance of the"biological results. Letters for
children under 18 years of age went to the child's parents. The letters
interpreted each individual’s results and provided a definition of the terms
used. A sample letter is included in Attachment J.

Each household also received a letter discussing the results of the

envirormental sampling. The letters listed each household’s results and the

mean result for that sample from the study (Attachment K).
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The census screened 1513 households (Table 1). Approximately 9% of '

eligible households refused to participate in the census and 15% of all

housdmlds ‘were classified as "No Contact" after 4 or 5 attempts. The overall

"census response rate was 75%.

A total of 2,631 eligible individuals, aged 6 months through 65 years,
were identified through the census; 239 were 6-71 months old (Table 2). One
mn)dred;fifty children 6-71 months of age participated in the su’z:ﬁey; a 62.8%
response rate in this age group.  Twenty-five individuals from each sex in the
age groups 6-14, 15-44 and 45-65 years were randamly selected for the survey.

Response rates by ‘sexvand for these age groups ranged from 44 to 65% (Table 3).

Biological Results
Blood lead levels

The aritlmetic mean blood lead level for children 6-71 months was
10.1 ug/dl. Three children with lead levels >25.0 ug/dl did not meet the CDC

definition of lead toxicity as their FEP levels were beléw 35 ug/dl. Mean
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blood lead levels for the age groups 6-14, 15-44 and 45-65 years were 5.8, 6.4
and .8.6 ug/dl, respectively (Table 4). One adult male with a blood lead level
of 28.0 ug/dl is currently employed as a miner. An adult female with a blocd
lead of 27.6 ug/dl was found to have pica (the materials ingested did not have
a local origin). The geametric mean of blood lead levels for children less

than six years, children 6-14 years, adults 15-44 years and adults 45-65 years

were 8.7, 5.1, 5.5 and 6.8 ug/dl, respectively (Table 4).

Males and females less than 6 years old had similar mean blood lead
levels. With increasing age, males had consistently higher mean blood lead
levels. The difference between males and females is statistica-lly 'significant

for the geametric means for the 15-44 year and 45-65 year age groups (Table 5).

HJspanJ.cs (self—repor‘t';ed on the Questionnaire) tended to have lower mean
blood lead levels than non-hispanics with the exception of the 45-65 year age
group. The geametric mean blood lead level of non-hispanics was significantly
higher than hispanics in the 15-44 year age group ‘The opposite was found in
the 45-65 year age group; hispanics had significantly higher geometric mean
blood lead levels (Table 6). | |

Sibling Analysis
For households with more than one child less than six years old
participating in the survey, the arithmetic mean blood lead level was 11.0
ug/dl with a standard deviation of 6.6 ug/dl (N = 41). . This compares to a

mean blood lead level of 10.1 ug/dl with a standard deviation of 5.6 ug/dl for
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all children less than six years old regardless of the mumber of children in é
household participating in the suxvéy (N = 150). It was expected that the
population with more than one d_zild in the household participating in the

‘ survey would have less variability in blood lead levels because of household

l . clustering. 'IhJ.s was not the case, and as a result, all children were

Free Erythrocyte Protoporphyrin Levels

The arithmetic mean FE:P level for children 6-71 months was 19.0 ug/dl and
20.9 ug/dl for children 6-14 years. Persons 15-44 years and 45-65 years had
mean FEP levels of 29.9 and 29.0 ug/dl respectively. Four children younger
| . -than 6 years w:Lth FEP levels >35 ug/dl did not have assoc:Lated blood lead A
levels >25 ug/dl. The gecmetric mean FEP levels were 17.7 ug/dl for children
. ' 6~71 months, 20.3 ug/dl for children 6-14 years, 23.2 ug/dl for adults 15-44
| ' years and 25.1 ug/dl for adults 45-65 years (Table 7). FEP levels were

. negatively correlated with hemoglobin levels (R = 0.17, p = _0';04)' and
| hematocrit levels (R = 0.15, p = 0.07).

Hemoglobin and Hematocrit

The mean hemoglobin for children 6~71 months was 13.9 ug/dl and the mean

hematocrit 40.1 ug/dl. Adults between 45-65 years had the highest mean
- hemoglobin and hematocrit levels; 16.3 ug/dl and 48.0 ug/dl, respectively

j
i

(Tables é~9) .
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Arsenic. Levels

No urinary a.rsem.c levels exceeded the expected range of 1-100 ng/ml.
Mean levels of urinary arsenic were 9.0 ng/ml in children 6-71 months, 8.2
ng/mlm children 6-14 years, 7.4 ng/ml in adults 15-44 years and
13.0 ng/ml in adults 45-65 years. ‘Gveometric mean urinary arsenic levels were

7.4, 6.8, 6.03 and 8.5 ng/ml, respectively (Table 10).

Urinary cadmium values corrected for creatinine did not exceed the

expected values of up to 5 ug/g of creatinine. Mean urinary cadmium values

ranged from 0.17 to 0.78 ug/g of creatinine and gecmetric mean values ranged
from 0.10 to 0.30 ug/g of creatinine (Table 11).

Beta-2-microglobulin levels ranged from below the detection limit
(detection limit = 98 ug/l) to 393.0 ug/l. Children less than six had the

highest mean level of 176.6 ug/l and gecmetric mean level of 148.4 ug/l.

Arithmetic and gecmetric mean levels "o’f beta-2-microglobulin decreased in

successively J.nc:reasmg age groups (Table 12).

Soil and Dust Samples -

Six different soil and dust samples were collected around the home from .
cne hundred and seventy households. Varying circumstances in the households
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resulted in different mumbers of samples being collected from one household to
the next. For example, if the family lived in an apartment, rear core samples

may not have been available.

Envirommental samples were collected at each of the 170 households
participating in the study One hundred and thirty-eight samples (81.2%) were
collected in the play areas (37 core and 111 surface scrapes), 166 (97.6%)

core samples were collected in the rear of the households, 168 (98.8%) core

" samples were collected in the front of the houses, 169 (99.4%) scrape samples

were collected at the entry of the houses, 170 (100.0%) composite dust samples
from the windowsills were collected inside the houses and 169 (99.4%)

| compos:.te dust. samples from the floors were collected inside the houses.

Tables 13, 14, and 15 sumarize the results of the Pb (Table 13), As
(Table 14), and Cd (Table 15) analyses of the dust and soil samples. Because
of the log-normal character of the distributions, both arithmetic and
geametric means and standard deviations are listed. Also llsted are the

mumber of samples and the ranges of these elements in the sample types..

The samples having the highest individual values for Pb., As and Cd were

* all windowsill dust samples (Pb = 27,900 ppm, As = 744 ppm and Gd = 3,300

ppm) . The samples with the highest gecmetric means of Pb, As and Cd were

entry scrapes, (Pb = 1,879 ppm, As = 117 ppm) and sill dust (Cd = 26 ppm).

-30-



The gecmetric means for Pb in the front and rear soil cores were 1,108
pom and 915 ppm, respectively, with ranges of 49-15,000 ppm for the front

cores and 10-27,800 ppm for the rear cores. The geometric means for arsenic

 in the front and rear cores were 42 and 31 ppm, respectively, the geametric

means for cadmium in the front and rear soil cores were both 11 ppm.
Water Samples

Water samples from the tap of each household participating in the survey
were collected and analyzed for lead. All but two of the water samples had
lead concem:ratlons below the level of detection of 5 ug/L. The two samples
above the detectlon limit had lead concentrations of 13 ug/L and 10 ug/L; well
below the EPA’s maximum contaminant level (MCL) of 50 ug/L although EPA has

proposed a new MCL of 5 ug/L.
X-ray Fluorescence Measurements of Lead in Paint

XRF readings that dev:.ated by more than 0.5 mg/cm? from the calibration
standard were considered cut of range and not included in these univariate
analyses. Eighty-seven households out of the 170 households which |
participated in the survey had XRF data that were within the f:alibration
standards (Table 16). High levels of lead in paint were defined by readings
of >6.0 mg/cn?. Thirteen and seven tenths percent of all interior walls and
16.7% of the exterior walls had high levels of lead in the paint. The main
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entry way of the households was the interior surface most frequently (18.9%)
found to comtain high levels of lead in the paint. The exterior house .
readJ.ngs which were taken in the vicinity of the window had the largest
percentage (21.7%) of high readings.

Correlation Between Envircrmental Samples

Lead in ccmposite floor dust samples was significantly correlated with

"the lead in all other dust and soil samples (Table 17), and most strongly

correlated with lead in composite windowsill dust samples (r = .41,
p < 0.001). Composite windowsill dust samples were also significantly
correlated with all other soil samples except core samples collected in the

play area.

Core samples collected at the rear of the house were significantly
correlated with all other dust and so:.l samples collected. Core samples at
ﬁe rear of the house were moderately correlated with core samples collected
in the play area (r = .64, p < .001) and core samples collected in the front |

of the house (r = .52, p < .001).
Play area scrape sémp‘ls and play area core samples could not be

correlated as these sample types are mutuélly exclusive. If a scrape sample
was collected from the play area a core sample was not collected.
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Biological Values by Fnvirommental Contaminant
Lead

Analyses examining the relationship between the levels of contaminants
in the envirormental samples and biologic values in humans focused on children
less than six years of age. With the exception of play area core samples,
mean blood levels for children less than six years (Table 18) in households

where soil lead levels were less than or equal to 500 ppm were less than mean

" blood lead levels for children living in households with .soil lead levels

greater than 500 ppm. This was not true for dust samples (Table 19).

Significant associations exist between blood lead levels greater than or
equal to 10 ug/dl and soil lead levels greater than 500 ppm for core samples
taken at the rear of the house '(XZ = 18.1, p <0.001) and scrape samples

collected in the play area (X2 ='6.9, p = 0.009) (Table 20). For children

exposed to greater than 500 ppm lead in the core rear samples, odds of having
a blood lead greater than or equal to 10 ug/dl was 8.40 (95% confidence limits
2.80 - 25.26). Additionally, for these children the odds of having a blood
lead greater than or equal to 15 ug/dl was 8.21 (95% confidence limits 1.07 -
63.37) . The relationship between the blood lead levels and core samples from
the front of the house (X2 = 3.3, p = .071) and composite dust samples from
the floor of the house (X2 = 3.4, p = .066), approached statistical

significance.
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Blood lead levels were correlated with the lead in soil samples. but not
the indoor dust samples (Table 21). Blood lead levels for children less than

six years were most strongly correlated with lead in core sampleé- taken at the

' rear of the house (r = .50, p <0.001).

Qxildmnlessthanthreeyeambutgreate:thanorequaltooneyear,

" were examined as a separate group since their behaviorial characteristics may

increase their ingestion of contaminated soil and dust. Blood lead levels for

" this group were also correlated with lead in core samples taken at the rear of

the house (r'= .53, p < .001).

For children less than three years, but greater than cne year, blood
lead levels greater than or equal to 10 ug/dl were significantly associated
with lead concentrations in rear core samples of greater than 500 .ppm; (X2 =

13.1, p <.001) (Table 22).
Arsenic

Mean urine arsenic levels by soil and dust arsenic levels are shown in
Tables 23 and 24. Urine samples were available from only 41 children, thus
there are relatively few urine arsenic levels to stratify by soil and dust

arsenic level. Urine arsenic levels were negatively correlated with arsenic

+ concentrations in composite windowsill dust samples (r = -.33, p = .03). None

of the other dust or soil arsenic concentrations were correlated with the

urinary arsenic levels.
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Cadmium
Tables 25 and 26 sumarize mean cadmium levels versus soil and dust soil
cadmium levels. No significant correlations exist between the urine cadmium
levels ard the cadm.mm concentrations in the soil and dust samples.

Iead in Paint

Mean blood lead levels 'by lead-based paint values are shown in Table

27. Mean blood lead levels vary among the lead-based paint categories. an -

- analysis of variance foﬁnd no association between blood lead levels and values

of lead~based paint in the interior or exterior of the house.

| Univar;.ate Analyses

Variables that were found to be associated (p < 0.05) with blood lead
levels are listed in Table 28. These initial analyses were performed to
exélore possible relationships between blood lead levels and various
characteristics, and p <0.05 was used to test for statistical significance.'
Significant odds ratios for behaviorial characteristics and blood levels <10
or >10 ug/dl are listed in Table 29. |

Play habits associated with a child’s blood lead level included whether
the child took food or a bottle. cutside to play, whether the child washed ‘his
or her hards after playing, the type of gro\md’play'ed on and the hours spent‘

cutside playing.
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Mouthing and eating habits of the child associated with blood lead

levels included how often the child swallowed things other than food and how

often household members ate leafy green vegetables grown in Leadville. Lead
related household hobbies that were found to be associated with blood lead.
levels was having a hqusehold member work with soldering electronics or

soldering pipes.

The parent’s occupational habits were associated with the child’s blood

“lead level if a miner in the household either wore his or her work clothes

home or did not shower before coming home from ﬂue mine. Other variables
associated with the blood lead levels included the child’s age, whether dogs

ard cats go in and ocut of the house, whether anyone used materials from the

'm.i.ne around the house or yard, whether a household member smokes and whether

the house had been refinished in the last month.

The list of variables which were examined and found not to be associated -

with blood lead levels is found in Tables 30 and 31.

Multivariate Analyses

The multivariate analyses focused on children 6=71 months of age. The
log of the blood lead levels and the log of the envirormental sampling results



Variables found to be significantly associated with the blood lead
levels through the univariate analyses or from the calculated odds ratios

(Tables 28 and 29) were used in a forward stepwise linear regression to

" determine which had independent effects on blood lead levels. Variables

having a significant independent effect on blood lead levels included: eating

leafy green vegetables grown in Leadville less than once a week; whether a

~ child swallows things other than food; using materials from the mine around

the house or yard; taking a bottle or food outside to play; the type of ground

“played on, and the child’s age (Table 32).

These variables were used in a linear regression model. Because eating
leafy green vegetables was used in the model as an ordered dummy variable,
eating leafy green vegetables grown in Leadville more than once a week was
forced mt:o the regression to allow interpretation of the inclusion of eating
leafy green vegetables grown in Leadville less than once a week in the model.
Results of this model are presented in Table 32. Forty percent of the
variation in childhood blood lead levels was explained using this model

(R2 = .40).

The ne:lgative regression coefficient of eating leafy green vegetables
grown in Leadville less than once a week and the non-significznee of eating
leafy green vegetables grown in Leadville more than once a week indicates that
children who ate leafy green vegetables grown in ILeadville less than once a .
week had significantly lwer blood lead levels than children who ate them more

than once a week or never ate them.
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The association with the dummy variable playing on dirt or soil

indicates that children who played mainly on soil had higher blood levels than

children who played on a grassy area or on concrete or asphalt.

Stepwise forward regression was also performed to identify the

independent sources of variation in the blood lead levels among the

. envirormental samples. After adjusting for the core rear sample no other

envirormental sampling variables were associated with the blood lead levels

" (Table 33).

The poterrtlal confounding effects of the behavioral characteristics on
the association between the core rear sample and the blood lead levels were
also exam.ned The behaviorial characteristics and the resultsv of the core
rear samplg were cambined into a single model (Table 34) . After adjusting for
the effects of the behaviorial characteristics the association with the core
rear sample remains. This model explainéd 46% of the variation in the blood

lead levels of children less than six (R2 = .46).
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DISCUSSION

This heavy metal exposure study in Leadville is unique from previocus -
studies in several aspects. Other studies have locked at lead exposure in

urban populations (14-15) or exposure to lead exclusively from smelters

(30-32). leadville is a rural community with a combination of lead

contamination from past mining and smelting activities in addition to

" background mineralization.

Survey Participation

A 62.8% rate of partJ.CJ.patJ.on of chlldren less than 6 years was achieved
in the study The only data available for children identified through the

census who did not participate in the study are age and sex:. Children who did

not participate in the study included a slightly higher percentage of males

(57.8%) than children who did participate (50.7%). Childhood blood lead
levels in this study were not different by sex, and the age distribution
between part:.c:.pantsami nonparticipants were similar; thus, it would appear
that bias in the study results introduced by the nonparticipants is unlikely.

Response rates varied for the older age groups. The sample sizes were.
small ranging fram 11 to 15 individuals for each sex and age group. The small
mumber’ of participants and the lack of associated high risk behavior for heavy
metal exposure (i.e., pica) resulted in data analyses being primarily
restricted to children less than six years.

-39-



Biologic Test Results

There were no cases of lead toxicity in children less than six years

-living in Ieadville, as defined by the current CDC criteria for lead

toxicity. Several orig‘oirk; prospective studies, however, have found

significant effects on cognitive function at levels (10-15 ug/dl) well below

the 1985 CDC guidelines of 25 ug/dl (14). Approximately fifteen percent of
the children less than six years had blood lead levels greater than 15 ug/dl

‘and 40.7% were greater than 10 ug/dl (Table 35).

_F'our children had elevated FEP levels and, as stated previously, there
were no elevated blood lead levels associated with these. Thus, the abnormal
FEP .values were most likely an indication of"_iron deficiency and study
participants were advised as such. In addition, FEP values are not a good
indicator of potential lead toxicity at lower blood lead ievels:, the majority
of blood lead levels identified in this study were less than 15 ug/dl.

We were unable to find information on expected normal ranges of
hemoglobin and hematocrit at 10,000 feet above sea level.

No increased values of urinary arsenic (>100 ng/ml) or cadmium (>5 ug/g
creatinine) were found indicating that excess exposure to these compounds is

not taking place in Leadville.

There were three elevated beta-2-microglobulin levels in children. This

is not a specific test of cadmium toxicity and it is likely that these were
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were elevated due to other illnesses in these children. One child had a

parent-reported streptococcal pharyngitis at the time the test was performed.

Comparison with Other Studies

Approximately 15% of the children less than six years had blood lead
levels greater than 15.0 ug/dl (Table 35). Comparisons of the mean blood lead
of children lss than six years in Ieadville with other studies is shown in

" Table 36. The mean blood lead level in Leadville is lower than other studies

with the exception of Telluride, Colorado and Areas 2 and 3 in Helena,
Montana. ‘Areas 2 and 3 in Montana were designated as areas of decreasing
exposure. from a point source of lead at distances of 1-2.25 miles and > 5

miles respectively.

It is, in fact, very difficult to make comparisons with other studies

‘'because the cther studies in similar envircrments (e.g. Helena, Montanta) were

corxiucﬁed from a few years to several years prior to this study. A dramatic
decreése in blood leads has been taking place over the past decade (36). To
predict this trend EPA has developed a model to account for the effect of
reductions in lead used in gasoline and in food containers (20). This model
predicts that the geametric mean for duldren two years of age in 1990 will be
3.0~4. 7ug/d1ccmparedtotheva1ueof 14.9 ug/dl foundbytheNatJ.onalHealth

and Nutrition Examination Survey (NHANB II) study in 1978. This is a drop of

Anearly' 1 ug/dl per year. Camparisons of the 1987 Leadville results with the
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original NHANES II data or, for that matter, any study that was done more than
a year distant is meaningless unless it occurred before 1987 and is found to
be significantly lower in iead exposure than our study (since the effect of
the trend downward would only improve the éignificance) .

It is currently not known what the baseline blood lead level is for
1987. EPA persomnel ran their model for 1-6 year old children residing in the
Western, rural United States in 1987, and predicted a geometric mean of 6=7

‘ug/dl. (Perscnal commmication, 1987, Hugh Pitcher, EPA).

The Park City, Utah study was done a few months after the Leadville
study (38). This study found a mean blood lead of 7.8 ug/dl in their target
population (9-71 months) compared to 4.0 ug/dl in a comtrol population.

Ancther study close in time to the Leadville study is the 1988 blood
lead sampling at the Bunker Hill Superfund site in Idaho. A recent report
(39) notes that 14% of the children had blood leads greater than 15 ug/dl and
41% had blood leads greater than 10 ug/dl. These figures are very close to
those for Leadville (Table 37) where 41% were greater than 10 ug/dl and 15%
were greater than 15 ug/dl. ’ihe Bunker Hill report does not give the
geametric mean for the 1988 blood lead levels, but it does give the geometric
stahdard‘ deviation as 1.5 which allows an estimate of approximately 9.5 ug/dl
for the geomét::ic mean. In another survey done in Telluride, Colorade in |
1986», a éeometric mean of 6.2 ug/dl with a geometric standard deviation of 1.5

Y P



It is useful to compare the distributions of blood leads for Leadville,
the "predicted" 1987 rural Western U. S. and Bunker Hill. in 1988. Table 37

Table 37 indicates that the mumber of Leadville children with blood
leads above 15 ug/dl was three tm&s that predicted by EPA for Western rural
| U. S. and the same as that seen in Bunker Hill. But, even the comparison with -
1988 Bunker Hill data is difficult because of the assumed dowrward trend with

- l:' a,

The camparison between the present study and the Bunker Hill results
reveal another interestmg result from this study. The geometric standard
deviation\(GSD) of 1.79 for the 6-71 months age group is significantly larger
than the GSDs normally encountered which are typically in the range of 1.3 to
1.5. Several studies have cbtained values close to 1.4. The NHANES II
results have GSDs that vary with age, location and race between 1.31 and 1.40
(40). The Silver Valley Lead Study in Idaho found a GSD of 1.3 ug/dl in a
study of 1149 children aged 1 to 9 years (41). A study of 377 children in New
Haven, Comnecticut (42) found GSDs for 1 to 6 year old children to vary from
1.29 to 1.35 depending on the type of housing. A study by Angle and McIntire
in Omaha; Nebraska (43) found a value for the GSD of 1.395 for 831 subjects
aged 1 to 18 years. A German study (44) for 114 children aged 6 to 7 years
found a GSD of 1.4 ug/dl on the basis of theJ.r studies, EPA uses 1.4 as a
fixed constant in their predictive model (37).



An F-—tst reveals that the value of 1.79 from the lLeadville study is
significantly different (p < .0l1) from 1.4. | Thus, the Leadville results for
the children differ from those of several studies done over periods of 10 to
15 years and in variocus locations by having a very different gecmetric
standard deviation for blood lead levels. The importance of this difference
is shown in Table 38 which illustrates the difference in the distributions
having the same geametric mean of 8.7 ug/dl as the lLeadville chlldren aged
6-71 months but with GSDs of 1.4 (the value usually found) and 1.79 (the value

“actually fourd).

This discrepancy is of concern since the effect of a larger GSD is to

greatly increase the mumber of children at risk at any given level.

Why is the value for the blood lead GSD for Leadville so different from
elsewhere? Since the blood lead analyses were performed by CDC under "
carefully monitored conditions, it is unlikely thét differences in amalytical
variability could explain this result. One could argue that the Leadville
population is very heterogenecus, but the same is true of many of the other
groups studied. The NHANES IT study involved many different groups, but the

GSDs for all groups differed by less than 0.1 ug/dl. One difference between

Ieadville and the other studies is in altitude. ILeadville, at 10,200 feet, is
the highest incorporated city in North America. Both lead and altitude have
dramatic effects on the oxygen czrrymgflmctlon and it is conceivable that
altitude may provide a stress that affects the ability of the homeostatic

‘mechanisms of individuals to respond to lead exposure. Since there is a
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p4ge 1 of 3

LEADVILLE HEAVY METALS EXPOSURE ASSESSMENT
‘ September, 1987 '

CENSUS FORM
_ _ BLOCK _ _ BLDG.
'I‘n'tervle_ver Initials __ __ Date __ __/ _ [/ _ _ Time __ :_ am Adult at home? 1l=yes Is this a year round residence? 1=yes
) ) B © pm . 2=no 2=po
Contact name . . . ) . Best timé. to recontact — %Y __ __ anm
Last : o Flrst R » ' ) pm
Address N o
" Number Street
Telephone Home — o T Best day ro tecontact __Sun‘
Werk __ __ - ' ' ) __Mon
' : __Tue -
__Hed
__Thu
__Fri
__Sat
'l"otai number of persons in home Contact #1 Completion Status 1=Refused
il 82 2=Participate
43 3=No contact
44 - 4=Invalid address

5=0cther




CENSUS FORM
page 2 of 3
Sex Relationship Birthdate Lived in house Lived in Leadville Current miner Past miner
1=M 1=self mo=day-yr 3 months? 3 months? in hoasehold? in household?
2=F 2=apousé 1=yas 1=yes 1=yes 1=yes
3=parent 2=po 2=p0 2=no 22=no
4=child
5=other
family
NAME 6=other _
1.
F L _ R A . _ . .
MI__ ‘
L
2.
F ) . _ _ 41 _ . . __ .
MI B - ) ‘
L
3.
F N _ _ 11 - ‘
MI__ j —_ — \ —
L .
4, .
F _ . A A _ -
T e — —_
L _
5. .
F - _ _ A1 L )
Ml ) o - '_ —
L -




P — ————— —— o R ——— S —— PRI —_ _,\‘.\
CENSUS FORM
page 3 of 3
Relationship Birthdace Lived in house Lived in Leadville Current miner Past miner
1=self mo-day-yr 3 mounths? 3 months? in household? in household?
" 2=spouse ' 1=yes 1=yes 1=yes 1=yes
3=parent - 2=no 2=no -2=n0 . 2=na
4=child ’
5=other
family
NAME 6=other__ __ _
6_.
F . _d_ 1 _ L . .
Mr_ '
L
7.
F . A A . . _ _
HMI__ '
L .
8.
F . _ __/_ _/_ _ _ _ _ -
MI__ i )
L
9.
F . A . _ . .
Wi == -
L
10.
F . — S _ — - _
ul ’
L
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__STATE OF COLORADO

COLORADO DEPARTMENT OF HEALTH

v oy
P
4210 Eask 11th Avenue ‘ 3 e */;
Denver, Culorado 8U220 , A o :
Phone 1303) 320-8333 " e T e
' : ZETe

——

Ruvy Rumer
Guvernur

Thomasy M. Vernon, ML
Executive Director

A representative of the Leadville Heavy Metals Exposure Assessment

team stopped by today as part of the census we are conducting throughout
Leadville. The representative will stop by again to ask you if you
would be willing to answer questions about the number of people living
in your home. ' :

If you have any questions or would like to call us with this information .:
please contact us at 486-1162.

Thank you,

Representative

Date / /. Time . am

pm

Block # __ Building #
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STATE OF COLORADO

COLORADO DEPARTMENT OF HEALTH D,
JAYT s
4210 East 11th Avenue 5- e %
Denver, Colorado 80220 T
Phone: (303) 320-8333 : . Te ) e
. \‘-"/\_7--6:’
Roy Romer
v . . Governor )
CONSENT FORM E Thomas M. Vemon. A\t :_

Executive Director
LEADVILLE HEAVY METAL STUDY
BLOOD AND URINE SAMPLES

You are being asked to particpate in a study of your {or your child's/ward's)
exposure to lead, cadmium and arsenic.

If you agree to participate in this study blood will be obtained by
venipuncture which involves placing a needle in your (or your child's/ward's)
arm and withdrawing 3 to 6 c.c.'s (about a teaspoonful) of blood. The needle
will be left in for a few minutes. You can expect to experience some pain at
the moment the needle goes into your arm. In about 10% of cases a small
amount of bleeding under the skin will produce a bruise (hematoma). The risk
of temporary clotting of the vein is about 1%, while the risk of infection of
a hematoma or significant external blood loss is less that 1 in 1000.

In the case it is not possible to obtain blood from your child or ward by
venipuncture, we will obtain blood samples by means of a finger stick. This
is the standard method to obtain blood for routine hospital laboratory tests.
Pain may be experienced when the lancet goes into the finger but otherwise the
discomfort should be minimal. In about 10% of the cases a bruise will be
produced and a small scar may persist for several weeks. The risk of
infection is less than one in a thousand.

Urine samples may also be collected by urination into a container. The _
collections of blood and urine will be conducted by trained health specialists.

In addition, tap water samples and dust samples from inside and outside your
home will be collected and analyzed for the content of arsenic, lead, cadmium -
and other metals. Furthermore, the paint on the inside and outside of your
home will be measured for lead content. These procedures will take about one
to one and a half hours. The investigators will also ask questions to help
interpret the results such as smoking behavior, length of residence, etc.

Your participation is voluntary and refusal to participate will involve no
penalty to you (or to your child/ward). You may withdraw from the study at
any time without penalty or prejudice. ‘ ‘

The investigators are not obligated to treat or further evaluate any problems
that may be found. Results will be reviewed and interpreted by a panel of
experts and a follow-up letter with interpretation will be sent to you. The
results of the tests will be forwarded to your physician only with your
permission. A list of private physicians will be supplied if you desire
further care. '



| Blood samples will be analyzed for lead and a measure of the effects of lead.

The blood sample will also be analyzed for the oxygen-carrying capacity of
btood. The urine sample, if collected, will be analyzed for arsenic, cadmium

and a measure of the éffect of cadmium on the kidney.

The only benefit from this study will be the determination of the status of

“your (or your child's/ward's) exposure to lead, arsenic and cadmium.

Your name (or that of your child/ward) will NOT be used in any published
report of this study.

AUTHORIZATION: I have read the above and understand the discomforts,
inconveniences, and risks of this study. 1 agree to the participation

of . . I also give my
permission to be contacted in the future should further testing be indicated.
I understand that I (he/she) can refuse to participate or withdraw at any
time. (Initial the first page of Consent Form if there are two or more pages
used. )

DATE

SIGNED:

Adult Volunteer or Parent/Guardian

WITNESS

Invest1gator/N1tness

'To the Minor Child

We are going to take about a teaspoonful of biood by inserting a very small.
needle into your arm. There will be a small pain. It may leave a bruise or
mark, but that will go away soon. We would also like you to take a small cup -
into the bathroom and urinate into it. This is to see if you have some -

. chemicals in you.

For the participant who is a minor 7 years of age or older:
I agree with the consent given by my parent/guardian.

'Che;k, Initial, or Signature of
Minor



LEADVILLE HEAVY METAL EXPOSURE ASSESSMENT QUESTIONNAIRE

Household ID __ - Interviwer Initials __ (1-8)
Block / Bldg. . ‘
Date - - Number of Selected Participants __ __  (9-16)

A. <Children 6 months - 71 months (List ‘b,y age, oldest first)

NAME. ID " LAB Individual

LAB‘EI. Completion
1. . _ (17-49)
2. ' - | : __ (s0-82)
3. : : | —_ —_ (83-115)
4. - ____ | = (116-148)

D. Person 6 - 14 years old

___ (149-181)

C. Persom 15 - 65 years old

__ (182-214)

Contact Number Household Completion Status Indiv. Compl. Codes

1 1=All complete 1=Complete .

2 . 2=Further visit needed 2=Refusal

3 3=Unable to contact
4 4=0ther '
‘Remarks:



—

e

The following person(s) has (have) been selected to be part of the second
phase of the Leddville Heavy Metals Exposure Assessment. (List). We need to
get some informatiom on this (these) individual(s).

IF THERE ARE CHILDREN 6-71 MONTHS OR 6-14 YEARS:

For children under agé 15 I will need to talk to the parent or legal
guardian, preferably the person who can tell us about how the
children spend their time. :

IF THERE ARE SELECTED INDIVIDUALS 15+:
I will (also) need to talk to SELECTED INDIVIDUAL.

IF THIS IS PERSON NOT AVAILABLE:

When can I return to talk to SELECTED INDIVIDUAL?
| __ DAY OF WEEK
- MO-DAY

: TIME AM PM



oy

100. HOUSEHOLD CHARACTERISTICS

THE FOLLOWING QUESTIONS CAN BE ANSWERED BY ANY HOUSEHOLD MEMBER AGE 18 AND
OVER ,

First I would like to ask you some questiomns about youf home.

101. How long has this family been living in this home?
Years __ __ Months __ __ (215-218)

If less than three months, then obtain previous address within
Leadville.

ADDRESS:

102. What year was this house built?

Year __ __ __ __ (If unknown then enter 8888) (219-222)

103. - Does your house have lead pipes for the plumbing?

1=Yes 2=No 8=Don't know (223)
104. What is the source of water for this house? ,

1=City water lines. (224)

2=Private well '

3=0ther

8=Don't know

-3~
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105.

106.

107.

Have you repainted, sanded, or otherwise refinished any part of your

home in the last month?

1=Yes 2=No 8=Don't know L (225)

Have you ever repainted, sanded or otherwise refinished any part of

your home prior to the last month?

1=Yes 2=No 8=Don't know (2286)

If yes, ask for approximate year and month.

Year Month o (227-230)

Does your home have storm windows?

1=Yes 2=No 8=Don't know (231)

Now 1I'd like to ask you some questions about the work and hobbies of persons
living in this house.

-108.

Have any of the adults in the househdld worked as a miner or in a

‘mining related job in the last 3 months?

1=Yes 2=No. 8=Don't know C(232)

IF YES, THEN COMPLETE QUESTIONS.109 through 112; OTHERWISE GO ON TO
QUESTION 113.

109.

Have any household member engaged in the following types of mine work

in the last month?

a. Underground 1=Yes 2=No 8=Don't know 
b. Milling l=Yes 2=No 8=Don’'t know
c. Mill 1=Yes 2=No 8=Don't know

d. Clerical/Admin. 1=Yes 2=No 8=Don't know

e. Other : ‘ I=Yes 2=No 8=Don't know

(233)
(234)
(235)
(236)

-(237)



(238)
(239)
(240)
(261)
(242)

(243)

(244)

(245)

(246)

(247) .
(248)

(249)

(250)
(251)
(252)

110. What type of mine have family members worked in in the last month?
a. Lead only "1=Yes - 2=No 8=Don't know
b. Zinc only . 1=Yes 2=No 8=Don't know
c¢. Lead/Zinc 1=Yes 2=No 8=Don't know
d. Silver 1=Yes 2=No 8=Don't know
e. Molybdenum 1=Yes 2=No 8=Don't know
f. Other l=Yes 2=No 8=Don't know
111. Does any family member that works in a mine wear his/her work
clothing home after working?
1=Yes 2=No 8=Don't know .
IF NO ASK Q.112; OTHERWISE GO ON T0 Q.113.
112. - Does any family member that works in a mine come home from work
without showering?
1=Yes 2=No 8=Don't know
113. Do you or any members of your household participate in any of the
following hobbies or activities?
CODES: l=Yes - 2=No 8=Don't know
A. -Paint pictures with artists paints? 1 2. 8
B. Paint furniture in the home? 1 2 8
C. Work with stained glass? 1 2 8
D. Cast lead into fishing sinkers,
bullets or anything else? 1 2 38
E. Work with soldering in electronics? 1 2 8
F. Work on soldering pipes? ' 1 2 8
G. Make pottery at home? 1 2 8
H. Ride a dirt bike or ATV in
the local area? ' 1 2 8

(253)



Now I'd like to ask you some questions about your diet and food preparation:

114.

115.

116.

ll?.

- 118.

119.

know

Does your family have a garden?
1=Yes 2=No 8=Don't know (254)

IF YES ASK Q.115;0THERWISE GO ON TO Q.1l17.

Has soil been. hauled in and placed on your garden?

1=Yes 2=No 8=Don't know | . (255)

About how often do members of your household eat vegetables grown in
your garden or elsewhere in Leadville?

1=0Once a week or more (256)
2=0ccasionally (less than once per week)

3=Never IF NEVER GO ON TO Q.119

8=Don't know

:About=ho§ often do members of your household eat leafy green

vegetables, (such as lettuce or spinach) grown in your garden or
elsewhere in Leadville? '

1=0nce a week or more ' (257)
2=0ccasionally (less than once per week

3=Never . :
8=Don't know :

About how often do members of your household eat root vegetables,
(such as beets or turnips) grown in your garden or elsewhere in
Leadville?

1=0nce a week or more (258)

2=0ccasionally (less than once per week)
3=Never v

8=Don't know
Whenrfood'is*served,‘is it ever served in homemade or imported clay
pottery or ceramic dishes?

1=Yes 2=No BQDon't
(259)



I 120. When food is stored or put away for awhile, is it sometimes stored in
- the original can after being opened? ’

} 1=Yes 2=No: 8=Domn't know (260)

} 121. Does anyone in this household smoke?

. 1=Yes 2aNo 8=Don't know - (261)
122. What is the highest grade or year of regular school that was

‘completed. by the head of this household

0l=Elementary school (262-263)
- .02=Junior High School ' ' :
‘r, i ' 03=Some High School
: 04=High school graduate
‘ . : 05=Some college
‘( - 06=College graduate
‘ 07=Graduate degree
08=Vocational school
{ ' ' 09=0ther
{ 88=Don't know

g’ 123. Which of the statements in the following list comes closest to the
a total household income for this family before tazes in 19867

I e 1=Under $5,000 ' o - (264) .
¥ ' : 2=$5,000 or more but less than $10,000
3=$10,000 or more but less than $15,000
{ 4=415,000 or more but less than $20,000
5=$20,000 or more but less thamn $25,000
‘ - 6=$25,000 or more but less than $30,000
, 7=$30,000 or more
y_ 8=Don't know
: O=Refused to respond to this question

e © 124. Do you have any dogs or cats that go in and out of the house?
} 1=Yes 2=No  8=Don't know S (265)
125. Has anyone ever used any materials from the mines.around your house
f' or yard? '
1=Yes. 2=No 8=Don't know ' (266)




IF THERE IS AT LEAST ONE PARTICIPANT IN THIS HOUSEHOLD AGE 6-71 MONTHS,
THEN PROCEED WITH SECTION 200.-

IF NOT, AND THERE IS A PARTICIPANT AGE 6-14 YEARS PROCEED

TO SECTION 300.
IF THE ONLY STUDY PARTICIPANT IS AGE 15 AND ABOVE PROCEED TO SECTION 400.
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200. QUESTIONS ABOUT CHILDREN 6-71 MONTHS OLD. THESE SHOULD BE ANSWERED BY
THE PARENT OR GUARDIAN OF THE CHILD

I need to ask a number of questions about (your/each) child that was selected
for the study. '

IF MORE THAN ONE:

I would like to start with the oldest.

LIST ALL INFORMATION IN SECTION 200 FOR THE FIRST CHILD AND THEN RETURN TO
QUESTION 201 FOR THE SECOND OLDEST, ETC. MAKE SURE ORDER OF CHILDREN IS

‘CONSISTENT WITH PAGE 1 OF THE QUESTIONNAIRE. ENTER RESPONSES TO QUESTIONS

201-204 IN TABLE 1 BELOW:

201. First of all, what is (the/that) child's name?
202. What is the child's date of birth? (MO/DA/YR)
203. What is the child's sex?
1=Male
2=Female
204.. Circle code for race of each child. (Ask if necessary).
1=White, non-Hispanic SﬂAmerican Indian/Alaska native
2=Hispanic 6=Other
3=Black, non-Hispanic 7=Refused

4=Asian or Pacific Islander 8=Don't know

Table 1
Child's Characteristics
201 202 203 204
Child . NAME ~ DATE OF BIRTH SEX RACE
No. 1=Male
‘Mo=-Da~Yr 2=Female
1 . — - — __(267-74)
2 ' e _ _(215-82)
3 ' e _ __(283-90)
4 ’ — - _ __(291-98)



ENTER RESPONSE TO QUESTIONS 205-206 IN TABLE 2 BELOW:

205 -

Child
No.

Where does (child's name) spend most of his/her daytime hours?

1=At

2=AtL
3=At
4=ArL
S5=At

home

babysitter

a day care center

a relative's home
some other location.

About how many hours each day, on the average, dces he/she spend away
from home? (HOURS)

Table 2
Child's Daily Routine

205
WHERE TIME SPENT
DURING DAY

206
AVERAGE
HOURS AWAY

(299-301)
(302-304)
(305-307)
(308-310)



207.

208,

209.

210.

211.

CHILD

No -

ENTER RESPONSES TO QUESTIONS 207-211 IN TABLE 3 BELOW:

Does he/she play outdoors around the house or in the neighborhood?
1=Yes 2=No 8=Don't know

If yes, then how many hours a day om the average does he/she play
outdoors? (HOURS) 88=Don’'t know

Where does he/she usually play when outdoors around the house?

1=Back yard 7=0ther
2=Front yard 8=Don't know
3=Side yard

Is the ground where he/she usually'plays mainl} grassy,
concrete/asphalt, plain dirt or soil, just a sandbox, or some other
composition?

1=Grassy 4=Sandbox
2=Concrete/asphalt 7=0ther (specify)
3=Dirt/soil 8=Don't know

Does he/she often take some food or a bottle with him/her ocutside to
play? ’ '

1=Yes 2=No 8=Don't know
Table 3
Outdoor Play Habits

207 208 209 210 - 211 _

PLAYS HOURS WHERE PLAY GROUND TYPE TAKES BOTTLE

—_ —_ — — (311-16)

—_— i _— — (317-22)

— — - — (323-28)
(329-34)

-11-



ENTER RESPONSES TO QUESTIONS 212~214 IN IAﬁLE 4 BELOW:

212.

213.

214.

Child

No.

Are his/her hands or face usually washed before eating?

l=Yes 2=No 8=Don't know

Are his/her hands 6r'faceeusually washed before going to sleep?

1=Yes 2=No 8=Don't knoow

Are his/her hands or face usually washed after making mud pies, or
playing with dirt or sand?

1=Yes 2=No 7=Not applicable $8=Don't know
Table 4
Hand Washing

212 E 213 214

BEFORE - BEFORE - - AFTER

‘EATS - SLEEP PLAY
1 2 8 1 2 8 1 2 7 8 (335-37)
1 2 8 1 2 38 : 1 2 7 8 (338-40)
1 2 8 1 2 8 1 2 7 8 (341-43)
1 2 8 1 2 8 ' 1 2 7 8 (344~46)

-12-



ENTER ANSWERS TO QUESTIONS 215-220 IN TABLE 5 BELOW:

215. Has (CHILD'S NAME) used a pacifier in the last 6 months?
1=Yes 2=No. 8=Don't know
216. - Does he/she suck his/her thumb or fingers?
1=Yes ‘2=No 8=Don't know
S 217, Does he/she chew on his/her fingermails?
1=Yes 2=No 8=Don't know
218.  Does he/she have a favorite blanket or stuffed toy?

1=Yes 2=No 8=Don't know
IF YES, ASK 219 AND 220. OTHERWISE SKIP TO QUESTION 221.

219. Does he/she carry this around during the day?

1=Yes 2=No 8=Don't know
220. Does he/she often put this in his/her mouth?
1=Yes 2=No 8=Don't know
Table 5.

'Mou#hing Behavior

215 216 217 218 219 220

TOY/
CRILD PACIFIER SUCK CHEW * FAVORITE CARRY BLANKET

- 'NO. THUMB NAILS BLANKET/TOY  AROUND MOUTH

1 12 8 1 2 8 1 28 1 2 8 1 2 8 1 2 8 (347-52)
2 1 2 8 1 2 8 1 28 1 2 8 1 2 8 1 2 8 (353-58)
3 1 2 8 1 2 8 1 28 1 2 8 1 2 8 1 2 8 (359-64)

4 1 2 8 1 2 8 1 28 128 1 28 1 2 8(36570)



roT—

ENTER THE RESPONSES TO QUESTIONS 221-226 IN: TABLE 6 BELOW:

221, How many hours during the day do you think he/she usually spends
playing on the floor when indoors in this home? (HOURS)
88=Don't know -
222. Many children put some things other than food into their mouths.
v Would you say that (CHILD'S NAME):
1=Does this alot  3=plmost never
2=Just once in a while 8=Don't know
223. Does he/she put his/her mouth on furniture or on the window sill:
1=Does this alot 3=Almost never
2=Just once in a while 8=Don't know
224, Sometimes children swallow things other than food. Would you say
that (CHILD'S NAME) swallows things other than food:
1=Does this alot 3=Almost never
2=Just once in a while 8=Don't know
(IF YES, SPECIFY ITEMS SWALLOWED BELOW)
225. Does (CHILD'S NAME) ever put paint chips in his/her mouth?
1=Does this alot . 3=Almost never
2=Just once in a while . 8=Don't know
226. Does (CHILD'S NAME) eat smow?
1=Does this alot 3=Almost never
2=Just once in a while 8=Don't know
Table 6
Things in mouth
- 221 222 _ 223 224 : 225 226
CHILD HOURS THINGS FURNITURE/ SWALLOWS PAINT EATS
NO. IN MOUTH WINDOW SILL CHIPS SNOW’
1 — — — - — _ Q371=77)
2 _ — — _ __ (378-84)
3 —_— - — _ _ __ (385-91)
4 — — __ (392-98)

SPECIFY THINGS. SWALLOWED:

Child No Itém(s)«swallowed:'

—



) . 227.

228.

CHILD
NOC.

ENTER THE RESPONSES TO QUESTIONS 227 AND 228 IN TABLE 7 BELOW:

How often does (CHILD'S NAME) eat fish including tuna, shrimp, crabs,
" clams, or other seafood?

“1=At least once a week - 2=At least omce a month

3=Less than once a month 8=Don't know

IF YES, PLEASE ASK QUESTION 228; OTHERWISE SKIP TO NEXT PAGE.

In the paét week, how many meals did he/she have seafood? (MEALS)

Table 7
Seafood
227 228
EATS : 'SEAFOOD MEALS
SEAFOOD LAST WEEK
1 2.3 8 ___ (399-401)
1 2 3 8 L (402-404)
1 23 8 — _ (405-407) .

1 2 3 8 (408-410)

IF THERE IS NO CHILD AGE 6-14 OR ADULT PARTICIPANT IN THIS HOUSEHOLD, THEN THE
QUESTIONNAIRE IS COMPLETED.

1} IF THERE IS A CHILD PARTICIPANT 6-14 THEN PROCEED WITH SECTION 300.

IF THERE IS NO CHILD PARTICIPANT, BUT THERE IS AN ADULT PARTICIPANT GO ON TO
SECTION 400.

-15 -
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300. QUESTIONS ABOUT SELECTED CHILDREN 6-14 YEARS OLD. THESE SHOULD BE
ANSWERED BY THE PARENT OR GUARDIAN OF THE CHILD WITH THE CHILD PRESENT

I need to ask a number of questions about your child (CHILD S NAME) that was
selected for the study. .
30L. First of all, the child's name is (CHILD'S NAME), is this correct?

IF CORRECT, ENTER HERE; OTHERWISE DETERMINE IF THE PROPER
INDIVIDUAL HAS BEEN CONTACTED AND MAKE APPROPRIATE ADJUSTMENTS

NAME

302. What is the child's date of birth?

- - (MO~DA-YR) | (411~416)

303. What 1s the child's sex?

1=Male ' , (417)
2=Female

304. Circle code for race of each child. (Ask if necessary).

1=White, non-Hispanic S=gAmerican Indian/Alaska native
2=Hispanic 6=0ther . (418)
3=Black, non-Hispanic 7=Refused

4=Asian or Pacific Islander 8=Don't know

30s5. Where does (child's name) spend most of his/her daytime hours?

. 1=At home ' . (419)
2=At babysitter -
3=At a day care center
4=At a relative's home
5=At some other location.

306. About how many hours each day, on the average, does he/she spend away

from home? .

__ (HOURS) | (420-421)

-16-



307.

How often does (CHILD'S NAME) eat fish including tuna, shrimp, crabs,

.clams, or other seafood?

1=At least once a week (422)
2=At least once a .mouth h
3=Less than once a month

4=Never

A8=Don't_know

IF YES,‘PLEASE ASK QUESTION 308; OTHERWISE GO ON TO QUESTION 309.

308.

309.

310.

311.

312.

313.

In the past week, how many meals did he/she have seafood?

— — (MEALS) ' | - (423-424)

Does he/she play outdoors around the house or in the neighborhood?

1=Yes 2=No  8=Don't know ' (425)

If yes; then how many hours a day on the average does he/she play

- outdoors?

__ __ (HOURS) o S (426-427)

Where does he/she usually play when outdoors around the house?

1=Back yard . 7=Other (428)
2=Front yard . 8=Don't know
3=Side yard '

Is the ground where he/she usually plays mainly grassy;
concrete/asphalt, plain dirt or soil, just a sandbox, or some other
composition? . .

1l=Grassy 4=Sandbox (429)
2=Concrete/asphalt 7=0ther (specify) :
3=pirt/soil 8=Don't know

Does he/she often take some food or a bottle with him/her outside to
play? .

1=Yes 2=No 8=Don't know ‘ (430)

-17 -
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314.

315.

316.

317.

318.

319.

320.

Where does he/she usually play outdoors in the last 3 months when

he/she is not playing in your own home yard?

l=Neighbor's yard

2=School playground

-3=Near or around creek

430n or near tailings or slag pilles
5=0n sidewalks or streets

6=0ther (specify)

8=Don't know

Are his/her hands or face usually washed before eating?

1=Yes 2=No 8=anft know

Are his/her hands or face usually washed before going to sleep?

l=Yes 2sNo 8=Don't know

(431)

(432)

(433)

Are his/her hands or face usually washed after making mud pies, or

playing with dirt or sand?

1=Yes - 2=No 7=Not applicable 8=Don’'t know

- Does he/she suck his/her thumb or fingers?

.l=Yes~ 2=No 8=Don't know

Does he/she chew on his/her fingermails?

1=Yes 2=No 8=Don't know

Sometimes children swallow things other than food. Would
you say that (CHILD'S NAME) swallows things other than food:

1=Does this alot
2=Just once in a while
3=Almost never
8=Don't know

IF YES, SPECIFY THINGS SWALLOWED:

(434)

(435)

(436)

(437)




321. Does (CHILD'S NAME) eat snow?

1=Does this alot ’ (438)
2=Just once in a while

3=Almost never

8=Don't know

322. Does (CHILD'S NAME) participate in any of the following hobbies or

activities? :

1=Yes 2=No 8=Don't know
A. Paint pictures with artists paints? 1 2 8 (439)
B. Paint furniture in the home? 1 2 8 (440)
C. Work with stained glass? 1 2 8 (441)
D. Cast lead into fishing sinkers,

bullets or anything else? 1 2 8 (442)
E. Work with soldering in electronics? 1 2 8 (443)
F. Work on soldering pipes? 1 2 8 (444)
G. Make pottery at home? 1 2 8 (445)
H. Ride a dirt bike or ATV in

1 2 8 (446)

the local area?

IF THERE IS NO ADULT STUDY PARTICIPANT, THEN THE‘QUESTIONNAIRE IS COMPLETE.

IF THERE IS AN ADULT PARTICIPANT, PROCEED WITH SECTION 400.

- ~19-



400. QUESTIONS FOR SELECTED PERSON AGE 15-65; THESE QUESTIONS NEED TO
BE ANSWERED BY THE SELECTED INDIVIDUAL

401. First of all, let me verify that your name is (NAME) ); is this
correct?

IF CORRECT, ENTER HERE; OTHERWISE DETERMINE IF THE PROPER
INDIVIDUAL HAS BEEN SELECTED AND MAKE APPROPRIATE ADJUSTMENTS

NAME

402. What is your date of birth?
_—— —~__ __ (MO-DA-YR) (447-452)
403.. Your sex is (SEX):
’ ) 1=Male : (453)
2=Female
404, What is your race?
1=White, non-Hispanic 5=American Indian/Alaska native
2=Hispanic ' 6=Other - (454)
3=Black, non-Hispanic _ 7=Refused ‘
‘4=Asian or Pacific Islander 8=Don't know
405. Do you work as a miner or in a mining related job?

1=Yes 2=No o o (455)

IF YES, CONTINUE WITH QUESTION 407;0THE§WISE ASK QUESTION 406.

406. Have you worked as a miner or in a mining related job in the paét 6
months?

1=Yes 2=No ‘ (456)

IF YES, CONTINUE WITH QUESTION 407;0THERWISE GO ON TO QUESTION 413.

-207=



407.

408 .,

409.

What type of mine work have you (or were you) engaged in primarily
in the last month?

l=Underground (457)
2=Milling

3=aM1ill '

4=Clerical/Admin.

5=0ther

What type of mine do you work (have you worked) at?

-1=lead only : ) , (458)
2=zinc only

3=lead/zinc

4=gilver

S5=molybdenum

7=other

What is the name of the place where you work (have worked)?

410.

411.

412.

413.

How long have you worked (did you work there) there, in yea:s?

__ YEARS  00=Less than ome year : (459-460)

Do (did) you change out of your work clothes and leave them at work?

l=Yes 2=No . . (461)

Do (did) you shower at work before coming home?

1=Yes 2=No - | . (462)

Do you participate in any of the following hobbies or activities?

1=Yes - 2=No
A. Paint pictures with artists paints? 1 2 (463)
B. Paint furniture in the home? 1 2 (464)
C. Work with staiped glass? ‘ 1 2 (465)
D. Cast lead into fishing sinkers, - L

bullets or anything else? _ 1 2 (466)
E. Work with soldering in electroumnics? 1 2 (467)
F. Work on soldering pipes? 1 2 (468)
G. Make pottery at home? 1 2 (469)
H. Ride a dirt bike or ATV in.

the local area? 1 2 (470)

-21-



414.

IF EVER,

41s.

416.

417.

418..

How often do you eat fish including tuna, shrimp, crabs, clams, or
other seafood?

1=At least once a week : (471)
2=At least once a month

3=Less than once a month
4=Never

PLEASE ASK QUESTION 415; OTHERWISE GO ON TO QUESTION 416.

In the past week, how many seafood meals did you have?

_ _ Gmas) - (472-473)

Do you have a garden?
1=Yes - 2=No ' (474)

If yes, then do you frequently till, plant and weed the garden
yourself? :

1=Yes 2=No (475)

Have you done any of the following activities in the last month?

1=Painted a house inside or out l=Yes 2=No (476)
2=Painted furniture 1=Yes 2=No (477)
3=Applied insecticides 1=Yes 2=No (478)

END OF QUESTIONNAIRE

-22~
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XFR Readings Sheet Household

Leadville
Pp Study

Date: XRF Standard:
Operator: . Start: .

Instrument #: Finish

AREA WALL TRIM

- Paint  XRF Reading Paint XRF Readings

ah ; 4 © Chipping/ Chipping/ ‘ |

} . Peeling? 12 3 ave. Peeling? 1 2 3 ave
Interior: -_ ‘

Bedroom

Main room

! Kitchen

Bath rod.m,

Main Entry

Other:

Exterior
L Entry

Siding | | o 1 | .

Trim | , | | |

Window | |

Other: | ,




ENVIRONMENTAL DATA SHEET

. o Household #:
Leagville  EXTERIOR SAMPLING
Pb Study :
Sketch house location and property lines. ,
Mark sampling focations. Date:
Co Operator:

|0 | Location of soil cores ( 4 sites ) : Gutter downspout area-

: Play area

X | Location of surface scrapings:

: Curb area

m O T 0O

: Entry area

COMMENTS:



——————————————

 ENVIRONMENTAL DATA SHEET

Leadville Household #:

INTERIOR SAMPLING

Pb Study
Date: | O‘perator:
DUST COMPOSITES:
1| Floors 2 indow _Sil
(‘."’,eqk where sampled) Dimensions (cm) :
Bedroom .
Main room Bedroom: x
Main Entrance X
Other: Main Room: X
X
X
Other: X
X

13 l WATER SAMPLE (check type)
Pipe type: Copper
Lead

PVC
Stainless S.

Other




 ATTACSMENT E




Title:

Reference:

Purpose:

4Sample-
Requirements:.

Reagents:

‘Equipment.:

Document Control {

Lead

EPA Methods for Chemical Analysis of Water and Waste:
¥ethod 239.2

Analysis of Lead by carbon furnace in water and waste water,

SmlL of acidified sample.
1. Lead standard, certified 1000 ppm

2. Witric acid, conc: suitable for metal analysis

- .- . o

. ¢ - e s -
L mm. T e e e o o Se imd . . LB e e e i -
- ST IS T TS e T T e T s
.. - - R B o~ e —i o e ' o o e,
~- —~c LD, TS e = — e v I Y e T T T LD L

~

IL video 22 AA
IL 655 furnace atomizer
IL Fastac II autosampler

Instrument Parameters (suggested)

v22 . : _ Fastae II1
Pb-HC. delay 6
signal 4 ma ' deposit 5
background: (S-H) 3 ma ' ‘repeat 2
wavelength 283.3 mm
bandpass 0.5 mm
integration peak height
integration time 4 sec.
655
Setting  Time Temp. °C_
X5 sec) .

1 0 0

2 1 165

3 3 350

4 3 : 600

S 0 (start integration) 1900

6 2 1900
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Use:

Procedure:

Calculations:

.Clean up:

Note:

normal heat
uncoated rod (DAC)
Ny as purge. and nebulizer gas

Samples and standards are analyzed by carbon furnace AA.
The standards are 0, 5; 10, 20, 30, 40, and 50 ug/l Pb in

—

15% HHO3 -f’;_':"fc't ~— . ‘t"" v ke T

B e e e -

Calculate calibration curve and correlation coefficient.
The concentration of lead in ug/l is calculated from the

_calibration curve.

spike amount = -0.1 mls of 1000 ug/l Pb = 100 ng Pb

spike recovery = (ug/l spike)(5.1 mls) X100

- (ug/l sample)(5.0 mls) + ng spiked

All glassware should be acid washed with 1% HNO3 and
rinsed with D.I.

' Lead may be rum simultaneously with cadmium.

-

T rf' o .
weitten by -~ ool /Yaa b 1 pate 1=1¢-$ T qaf L u/’ja-'DateJ 2 i L

Approved by 4 (‘ ,,; | Date &-2 207 ‘Q@*DQJ é////f/

Revision date
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!

Prepared:

. Revised:

2360s

Colorado Metal Study
CASE 87-0026

SPECIMEN COLLECTION AND SHIP?INC.?ROTOCOL

Division of Environmental Health Laboratcry Sciences
Center for Environmental Health
Centers for Disease Control
Atlanta, Georgia 30333
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II.

g
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INTRODUCTION

URIME COLLECTION AND PROCESSING

A COLLECTION PROCEDURE

B. PROCESSING PROCEDURE

SERUM PROCESSING

SHIPMENT OF SPECIMENS TO CDC, ATLANTA, GA.

A BECINNING‘OF STUDY AND GENERAL INSTRUCTIONS
B. SPECIMEN SHIPPING LIST

C. TROZEN SPECIMENS

D. REFRIGEZRATED SPECIMENS

FLOW CHARTS:

WRINE COLLECTION AND PROCESSING PROTOCOL
FOR SPECIMENS

BLOOD COLLECTION AND PROCESSING PROTOCOL

Page

Page

Page

Page

Page

N
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INTRODUCTION

The proper collection processing, storage and shipment of physiologic
specimens from participants in the Colorado Metal study is ccitical to
the success of the study. The following sections describe. the procedures
which must be followed for all specimen collections. These procedures
must be strictly adhered to in ocder to avolid contamination, loss, or
degradation of the specimens. Please familiarize yourself with the study

protocol and iasure that you understand the concept of the study, the

role of all of the persornel involved. and your own cole.

Note that subjects are to report to the clinic in a fasting state and
this will require that blood collection be accomplished early in the
visit to avoid discomfort to the subject and an adverse impact on
compliance. Blood and urine colleciion must be completed and processed

under carefully controlled conditions of good laboratory practice. 3Blood

separation and processing must be accomplished promptly to avoid
degradation of &he specimen. ’

It is extremely important that all crecords associated with each subject
be maintained in an orzanized and complete manner to ensure that all
infocmation is properly collected and accurate. Specimens should be
labeled promptly and processed as a unit or "run” and precautions must be
taken to avoid patient ~ specimen - label - record mixups. This type of
error is usually the most common error in the laboratory setting, but
carveful planning and a well organized work area will keep such ecrrors at
a minimum. Some of the information required for the specimen label and
shipping list will be collected at the time of specimen collection.
Problems in blood and/or urine collection should be noted in the sample
log and in the comments section of the shipping list.



II. URINE COLLL G AMD PROCESS NG (Seu'protocol fléwchartvqn pane 20 and 21)
i COAL CCLLECTICH PROCLZDURE
1. Materials needed per participant.
- Urine collection cup (250 mL, plastic, steriie)
- Small Zip-loeck bag

; ' ~ " Preprinted label

2. Preparation of urine collection cup for pacticipant.

- '~ Remove the cup and cap from its plastic wrapping being careful
not to dislodge the cap or touch the inside of the centainer or
cap.

- Seal the cap on the container and affix the participant's
) preprinted label marked "URIME CONTAIMER" and write their name on
} the label using a ballpoint pen.

3. Instructions for urine collection.

{ ' - The following instructions should be explained to the participant
prior to urine collection.

Hands should be washed with soap and water.

' The collection cup should not be opened until just before’
. voiding.

. The person should leave the cép turned up while voiding, then
recao the filled container immediately.
IT IS MOST IMPORTANT that the inside of the container and the
cap not be touched or come into contact with any parts of the

body or clothing or extecnal surfaces Exposure to air should
be minimized.

The participant should deliver the capped specimen immediately
to the clinic personnel.

. . B. PROCESSING PROCEDURE
1. Materials and cauipment needcd per participant-

- 15 mL Conical- botLom plastic tube (conLaxnxng 120 ul nitric acid)
(1)

|
\
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- Powdeor-tree lab vlove
- Safety plasses

- Lab apren

- Laboratory hood

- Deionized water ,

- Ultrapure concentrated nitric acid (G. Frederick Smith Chemical
Co., Columbus, Ohio 43223, Catalogue No. 63, ultrex grade. or
equivalent)

- Pipettor (Gilson Pipetman or other precision adjustable

"pipector capable of dispensing 200 wul)

- Biorad BR-33 clear (metal-free) disposable pipet tips capable of
containing 120 ul, or eguivalent)

- Racks

- Preprinted labels

- Freezer (-20°C)

Special safety precautions. .

- WNitric Acid - Special care should be taken when handling and
dispensing the concentrated acid, since it is a caustic chemical
capable of severe eye or skin damage. Wear a lab apron,
powder-free gloves, and safety glasses. If the nitric acid comes
in contact with any part of the body, quickly wash with copisus
quantities of water for at least 15 minutes.

-~ Sodium azide - Special care should be taken when handling the
6 mL plastic tube with the pink dot, since it contains a small
quantity of sodium azide (a poison). Wear a lab apron,
powder-£free gloves, and safety glasses:. If 'the sodium azide
comes in contact with any part of the body, quickly wash with
copious quantities of water for at least 10 minutes.

Additon of sodium azide, sodium carbonate.'and aprotinin to
beta-2-microglobulin. - >

While working under a hood and wearing protective, unpowdered
gloves, apron, and safety glasses, use pipettor to rinse a pipet
tip with the mixtucre. Using the same pipet tip, aliquot 128 wul
into each of 6 ml plastic tubes to bc used for
beta-2-microglobulin analyses. Procecss one tube at a time,
removing the cap, adding the mixture, and ceplacing and tightly
screwing the cap. Change the tip each time it becomes
contaminated. Affix a pink dot to the side of the tube.

R
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4. - Preparacion ¢f labovntory blanks.

Wearing protective clothinmg and wocking undev a hood, orerare
one c3achuium laberatory blank {ocr each day on which urine
specimens are collected.

Select one of the 15 mL plastic tubes labeled with a turquoise
“dot and slowly add 12 mL + 1 mL of deionized water. Then
carefully aliquot 120 ul of nitric acid with the 2lpettor.

Cap, label with the preprinted label "LAB BLANX-CD/AS", seal,
and invert the tube five times.

On each label and using a ballpoint pen, write the date
collected and the initials of the laboratory technician
preparing the lab blanks. Freeze the blanks in an upcizht
position at -209C and store them frozen until shlpment tao CDC
with the urine specimens. :

5. Processing (specimen).

- Wear powder-free lab gloves, safety glasses, and work over 3 .
laboratory sink.

-~ Using the preprinted labels provided for each participant, label
each of the plastic tubes as follows:

Size/Tvoe Bottle Bottle Label

15 mL plastic (nitric acid) 87-0026—0001-:1 "UR CD/ARSENIC"
6 mL plastic (sodium azide) 87-0026-0001-T2 "URINE BETA-2-M"
6 ml plastic (no preservative) 87-0026-0001-Ul "URINE CREATINE"
6 mL plastic (no preservative) 87-0026-0001-U2 "“URINE RESERVE™

- Use a ballpoint pen to add the date collected and your initials to the
labels on al)l tubes.

Gently swirl the specimen  in the capped collection container to resuspend
any solids.

.
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Cap and tightly seal each

rpour the preper gquantily of urine L1ato
the correcs aligueting priority as shown
on sage 20

tube.

Dissolve the presecvatives in the “URINE BETA-2-M" tube by inverting
4-6 times. Immediately fceeze (within 2-5 minutes) in an upright
position in a dry ice/ethanol bath or a -70°C or colder freezer.

Addition of acid preservatives.

id to cadmium/arsenic tubes.

NOTZ: RINSEZ OUTSIDE OF PIPEZT TI® WITH DISTILLZID WATER BEFORE USE

While working under a hood and wearing protective unpowdered
gloves, apron and safety glasses, use a pipettor to rinse a pipet

tip with nitcic acid.

Using the same tip aliquot 120 mL into

each of the 1S-mlL conical-bottom tubes containing the
participant's urine which will be used for cadmium analyses.
Process one tube at a3 time, removing the cap, adding the acid, and

replacing and

ightly screwing the cap. Do not touch the interior

T
of the cao or Ltube or olace the cap or oipet tio on external

surfaces which mav be contaminated for trace elements. Change the

tip each time it becomes contaminated. ffix a turqoise dot :to

the side of the tube.
immediately at -20°C.

Invert the tubes gently‘S times and. freeze.



7. Processiny, (tield Blank).

- After cvery 19 study participants one conical-bottom tube will be
prepared as a "Field Blank"” wusing decionized water in place of
urine. Preparc these blanks under the same conditions as for
processing specimens.

Immediately aftec processing the preceding urine specimen, obtain
one of the conical-bottom tubes labeled with a turquoise dot.

. _ . Affix a preprinted Field B3lank label "FIELD BELANK-CD/AS™.
; - . . Using the deionized water provided, pour 12 mL + 1 mL of water

into the tube to the gradwation mark. Then carefully add 120 mi
T nitric acid, recdap and mix as for urine specimens.

. Using a ballpoint pen, add the vate collected and vour initials tc
the label.

‘ . Freeze the Field Blanks in an upright position at -209C and

' store them frozen with the urine specimens until they are shipped
ni ' _ ks CDC.

oK 8. Tests done at the field site.

x\~ A A specific gravity will be done on all urines. The results shculd 3=

written in the comments section of the inventory sheet.




III.
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WHOLE BLCOD COLLHECTICH

Materials needed per pavhicipant.

- Gauze sponges, sterile, individually wrapped 2x2" (2).
- Alcohol wipe

- Bandaid

- 5 mL lavender-top vacutainecr for adults 12 years and older.(2)

- 3 ml lavendecr~top vacutainer for children 11 years old and

younger. (2)

- 20 gauge 1 1/2" neecdle, sierile
- 23 G buttarsl

- Preprinted labels

- Tourniquet

- Vacutainer holder

- refrigeratoc

y assemtly with adapter for children.

Venipuncture procecure.

- Locate the punciucre site. Hold with 2 fingecs on one side of the

“alcohel wipe'” so that only the other side touches the puncture
site. Wipe the area in a circular motion beginning with a narrow
radius and moving outwacrd so as not to cross over the area already
cleaned. Repeat with a second alcohol wipe.

- Locate a suitable table and chair for blood drawing and lay out
blood collection supplies.

Locate vein and cleanse in manner previously described, then apply
the tourniquet. If it is necessary to feel the vein again, do so;
~but after you feel it, cleanse with alcohol prep again, and decy with
a sterile gauze square. ' '

¥

- Fix the vein by pressing down on the vein about 1 inch below'the

proposed point of entry intc the skin and pull the skin taut,

- Approach the vein in the same direction the vein is running, hélding

the needle so that it makes a 15° angle with the examinee's acm.

- Push the neédler with bevel facing up, firmly and deliberately into

the vein. TIf the needle ic in the vein, blood will flow frcely intq,
the tube. If no blood entecrs the tube, probe for the vein until
entcy is indicated by blood flowing into the tube.

“For collection, loosen the touraiquet immediately aftecr blood flow.
iz establicshed and Cel¢35£ enticely ac the last Lube (ills.



- Wheit (B0 necdle oot 0r Uhe atm, hrewss wouae fiomlvoon st
{ pung Lure, Heaey presswre au ot onveedla s belm withdrawn srhrould
o : be avoided Secauise LU omav cause the cshavp peint ui the needle te

cut the vein.

{ - Have the examinge calise his scm (not bend 1t) and continue :e
i - hold the gauze in place tfor sc\eral minetes. This will help

prevent hematomas.

- Invect the lavender-top tube several times to ensuce proper
mixing.

; . ~ Report to the physician any reaction experienced by the
: : participant during the venipuncture procedure.

- Label all tubes with the prescinted labels provided, and use &
ballpoint pen to add the date collected and your initials to the
label. The lavender-top tube should be affiwxed with the label
showing the participant’'s ID number (e.g. 87-0026-0001-81) and
identified "BLOQD-P3". '

——

;( - Place a bandaid on the subject's acm.

- Place the lavender-top tubes upright in a rack in the.
refrigerator within 30 minutes after being drawn. Log in the
:‘f specimens and keep reirigerated (not frozen) until picked up for

1 shipment.

" a IV. SHIPMENT OF SPECIMEMNS TO CDC, ATLANTA., GA.
A. BEGINNING OF STUDY AND GENERAL IMSTRUCTIONS

~ Determine the times 'FEDERAL EXPRESS' packages are picked up in
order to connect with the best flights to Atlanta, Georgia.
Shipments to Atlanta will be scheduled weekly and scheduled only

L Monday through Wednesday mornings. IMPORTANT: Since the materials
: packed in accocrdance with the instructions below will remain frozen

(over dry ice) or cool (over cold packs) only about 2 1/2 days,

shipments should not arrive in Atlanta on weekends or on Federal

b holidays. -

: - Inquire about regulations in your arca concerning shipment of human
; blood, scrum, and ucrine specimens with dry ice and the quantity of
dry ice allowed per shipper. Also, make surc the specimens will be
received at CDC within 24 hours.

- Maintain a supply of dry ice from a local supplier for shipping
specimens each weewx. A block should be sawed at the plant into
"1l slabz. Then wach of these should be sawed lengthwise. A 77x10"
slab would fit casily into the shipper without havimg to break the
slab. (Lagpe picces ave preferadble Lo Small chunks, since
not volatliliue ms rapudly.) '

they do
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Shipmencts of whoic blood vequire o coclant Lo xeep the materials
| duriny the shivmont (UOT ygoﬂ i
keep IC-12 cooiant packs in cthe &

used weexly to maintain &
demands for these items.

laboratory lezhs shoul
all times: replace the
for other unecxpected

For all shipmenis, do not pack sni ppers with frozen specimens and

dry ice or wiih whole blood and frozen coolant until JUSu before

shipment.

Telephone the laborazory at CDC the day the sﬁ'vﬁent 1§ malled
(404) 454-4300. Speax thh 3drenda Lewis.

SPECIMEN SHIP?PING LIST

- For each shipmenz, fill out a blank Specimen Shipping List
provided by CDC. If the number of specimens in a shipment is Loo
large to fiz on one page, please use the continuation sheets
provided. Please give the following information on the blank
shipping lists (See attached eXkample of a completed Specimen
Shipping Lists):

. Page number - e.g. 1 of 4 .

. Shipment tlumber - number shipments seguentially starting with 1

. No. f{rozen shippers - total number of shigpers (containing
frozen urine specx. ens) which are being nalled in this shipment.

. Mo. refrigerated shippers - total number of shippers
(containing refrigerated whole blood) which are being mailed in
this shipment

. Type of Specimens - whole blood and/or urine

. No. of Specimens - number of each type of specimen shipped

. Name, Title, Signature, :and Phone Number of person sending
shipment or initials as indicated on the continuation sheets.

. Date Shipped

. Specimen ID faocr each participant - e.g. 87-0026-0001

. For each participant, check (X) each individual specimen
typesaliguot included in this shipment-

. Date Collected - e.g. 081187 .

. Comments - Specify any deviations from collection, storage, and
shipment protocols, and date of occurrence.

- Photocopy 2 extra copies of the-completed shipping list. As will
be described again later, the original will be shipped with the
specimens, a copy mailed te CDC im a separate envelope, and a
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Materials needed peor shipper

-

1 styrofcam shipper (each shipper will hold frozen specimens from
aporoximately 10-12 participants)

10-12 1lbs:. dry ice

30-36 bubble-pack bags & x 7 172"

Safety glasses or eye shield

Strcapoing tape

Gloves for handling dry ice and frozen specimens

Sheets of bubble-pack packing material

'FEDERAL EZXPRESS' label, preaddressed by Centerc for Disease
Contrel personnel

DRY ICZ label

HUMAN BLOQOD - THIS SIDE UP lgbel

CDC 'Specimen Shipoing List’ filled out

Zip-lock bag

Frozen urine specimens (6 urine tubes per participant)

Packing procedure.

When packing the shippers, use gloves to handle the dcy ice to
avoid burning the hands. Glasses or an eye shield should also be
worn if the dry ice cakes are to be broken into small pieces.

Place the six frozen urine specimens from each participant in one
4" x 7 1/2" bubble Dag and seal using the peel-off adhesive stcis
Pack 10-12 sets of filled bubble bags upright in the bottom of
the shipper. If necessary, use sheets of bubble-pack packing
material to ensure the specimens vertical position.

Put one Layeerf sheet bubble-pack material on top of the

specimens. '
Fill the»shipper with dry ice (probably will hold 10-12 lbs).

Place mocre bubble material to even the top and placc the polyfoam
lid on top of the shipper.

Inserct the completed 'Specimen Shipping List' in a 12" x 12"
Zip-lock bag and secucre to the top of the polyfoam lid with-
filament tape. (Remember to photocopy two copies of the
"Specimen Shipping List’. «Keep one copy for your cecovds and

mail the othar copy in a scparate cenvelope to the same CDC

address listed below.)

Secure the ouler carton lid on Lhe chipper with filameat tane.
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3. Shippiny procedurce.

Cover orc remove previous address labels on all chippeccs.

Label each shipper with the following:

Preaddressed, 'FEDERAL EXPRESS’ label with the following
address: :

Brenda Lewis

Chamblee, Building 32, Room 1502
Centers for Disease Ccntrol

4770 Buford Highway

Chamblee, GA. 30341

D. REFRIGERATED SPECIMEN

1. HMaterials needed per shipper

Note:

1 styrofoam shipper
-2 foam racks each capable of noldxng ifteen S or 3 ml vacutainers
- 4 twenty-four o0z. cold packs (firozen before shipment)
6 layers of buoole-pack '
Filament tape
Gloves for handling Erozen cold packs
FZDERAL EXPRISS' label _
HUMAN BLOOD - THIS SIDE UP label
KEEP REFRIGERATED - DO NOT FREEZS label

Zip-lock bag

Refrigerated blood specimens in S5 or 3 mL lavender top vacutainers

. Inventory of bldod specimens should be included in specimen

shipping list enclosed with frozen specimens.

PO
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Packing proceducce.

- Plice cold paks in a -20°C {ceézec the day before the
shipment. Four 24 ounce packs will be nceded for each chi
used. More cold packs may be neceded if freezer does not a
-209C. Up to SO speccimens can be shipped per shipper.

'~ Working quickly, so that the bleood will not be exposed to ambient

- temperature for more than S to 10 minutes, wrap up to 5O tubes
with bubble-pack material: secure with tape.

- Place two ice paks in the bottam of the shipper. Cover with
bubble paper before adding wrapped specimens; add specimens and
cover with additional bubble paper before adding two additional
ice paks. Fill the shipper with additional bubble material ancd
place the polyfoam lid on top of the shipper.

- Secure the outer carton lid on the shipper with filament tape.

3. Shippring procedure.
- Cover or remove previous address labels on all shippers.

- Label each shipper with the following:

Preaddressed, 'FEDERAL EXPRESS® maliling label with the
following address: :

Brenda Lewis
Chamblee, Building 32, Room 1502
~Centers for Disease Control
4770 Buford Highway
Chamblee, GA 30341
. HUMAN BLCOD-THIS SIDE UP label.
KEEP REFRIGERATED-DO NOT FREEZE label.

.ORM-A written on the box. .

- Call the 'FEDERAL EXPRESS' office at 1-800-238-5355 to acrange foc
pick-up.

- Telephonc the laboratory at CDC the day the shipment is mailed
(A04) 454-4300. Speak with Brenda Lewis.
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Leadville, Colorado
Case 81-0026

Urine Collection and Processirg Protocol

_Urine Sample (30al)

Collection Container Labeled

“Urine

Containerc”

Aliguot into
Designated Bottles

T
15 ml plastic
"Ur. Cd/As"

’

Add 12 ml Ucine

Add 120 ul HNO3

Mix by
Inverting S5 times

Freeze at -20°9C

T2
6 ml plastic
"Ur. Beta-2-M4"

Add 128 ul

Azide Mixture

Add 5 ml Urine

Mix by Inverting
4-6 times

+

Freeze at -709C

Ul ’ U2
6 ml plastic 6 ml plastic
“Ur. Creatinine *Ur. Reserve"

Add S ml Ucine

Freeze at -20°C Freeze at -20°C

within 2-5 minutes ! '

Mail to CDC on dry ice using

of "TFederal

Express™
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Case Number

Shipment Number

Specimen ID
87-0025 -
Pecson

SPECTIMEN [NEORMATION SYSTEM
FORM 1 - COLORADO

EXPOSURE-

SPECIMEN SHIPPING LIST - Continued

Typex/Aliquot No.
(Mark Shipped Specimen)
Tl T2 Ul U2 B1 B2

Date
Collected
MM-DD-YY

Initials of Shippec

Initials of Receiver

Comments (Specify any deviation £

collection,

protocols,

and date

storage

and shisment

-/

87-0026-XXXX
87-0026
87-0026
87-0C26
87-0026
87-0026
87-0026
87-0026
87-0026
87-0026
87-0026
87-0026
87-0026
87-0026"
87-0026
87-0026
87-0026
87-0026
87-0026
87-0026
87-0026
87-0026
87-0026
27-0026
87-0026

— — o— v o— —— — o—— —

| XX-XX-XX

*Type of specimens:

T = Urine (presercved),

U = Ucine (unpceserved), B = Whole Biood
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The duplicate sill dust samples arz slightly more involved. The
porimary sample should be taken from only half the window sill (right side
or left side). The duplicat2 wiil then be obtained from the unsamcled
arsas. While it is not unreasonable to expect differencea between right
and left side samples., closer agr=ement should exist between sill dust
duplicates than between flcor dust duplicates. Thus, the gsill dust
duplicates offer insight to relative determination accuracy.

SFLITS. Sonlit samples will be prepared by the lab coordinator at the
rate of one split far each twenty samples recored in the master laog.
Solit samples will be obtained for water, soil cores and surface scrasinags
only since it is undesirable to open the dust cartridaes. Solits are
accomplished by removinag approximately one half of the oriaginal samole to
a second cantainer and assicarning a new and independent sample number to
the split fraction.

The absence of analvtical systematic error can be claimed if the
difference between split samples is less than the reported analytical
precision.

YOUDENS. Youden pairs are based on QC procedures developed by
Youden(l) for determining interlaboratory errors and modified by Mealen(2)
for assessina temporal intralaboratory errors. The interpretive process
will follow that described by Meglen and results will be used to identify
systomatic interlabaoratory errors and random errors outside of acceptable
limits.

The enviromnmental laboratory coordinateor will include two Youden pairs
(four samples total) in each shipment of 200 total solid samples. One
pair will be from the dust composite: the second pair will be from the
s0il composite., Each pair will be assianed sample numbers such that their
treatment by receiving labaoratories will be identical to other samples’
treatment.

The soil composite will be prepared by the lab coerdinator. A small
fraction of each soil core and surface scraping will be retained in a soil
compesite container. When a sufficient quantity of material is
accumulated, the entire composite will be homogenized and used as a source
for Youden determinations. The dust composite will consist of a sieved
and homogenized floor dust sample previously acquired.

Water samples will include Youden pairs at a rate of one pair per
twenty samples. The water Youden composite will be obtained using a
procedure analoqous to that described above for soils.

BLAMES. Blank samples will be sent with each sample shipment at the
rate of ane blank per vouden pair. A blank sample has "less than
detection limit" comncentrations for the desired analvtes. These blanks
allow data interpretation to readily identify erroneocusly positive
results. .

Distilled deionized water will be used for water blanks. A National.
Bureau of Standards standard reference soil with below detection limit
values (total digest, gqraphite furnace analysis) will be used for the soil
and scrapinags blank. Crushed and sieved Brazilian quartz will be used for
dust blanks.

By following the above procedures and viewing the data with a dearee
of skepticism, any conclusions drawn wholly or in part from the

‘environmental samples should be both comservative and accurate.



Quality Contrecl Sratnecnl Fer Environmental Samples

This' Drotoccl is intended to i1dentify both systematic and stochastic
errors iIn either the envircnmental sampling or amalvtical results.
Numerous saurcae of error camn be anticipated in an environmental sampling
survey of this natwure. This protocol is desianed to discover systematic
errors in analvtical results caussd bv: l-incorrect zero determinations
(false positives), 2—-interlabmratory bias (more than ane analytical
labaratory will determine trace metal concentrations in the dust samples,
f[ soil cores and entry way surface scrapings). IZ-samplina bias amona

environmental teams. Additiomally, the stochastic variance will be used
to identifv values which cccur, apparently at random. outside an
acceotable range.

! ' . While mo QA/QC protocol can prevent systematic and random errors, a

¢ training session emphasizing consistent sampling procedurss amonag the

environmental teams will allow this protocol to detect suspect data.

These data should be treated om an individual basis. and interpretations

should be tempered by a motivation toward "general conclusions", not

isolated incidents. An effective protocol allows data interpretations

i based on general trends with minimum influence from unique or biased

i -data. In essence this leads to the most robust. vet conservative

conclusions.
~ This protocol requires four types of QC samples: blanks, splits,

, duplicates and Youden pairs. These samoles are described below for the
environmental sampling phase of the Leadville Survey. In addition to QC
samples, the teams must take careful field notes which are to be recorded

! in the lab coordinator’s master loa. Also. some samples (scrapings and

\ soil cores) will be retained in the advent of future concerns reqarding

_ sample acquisitions or analvses. : :

I This protocol is capable of assessing data precision and to a limited

i
!
i
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extent data accuracy. The absence of a certified standard reference
material for heavy metals in socil and dust (usinag the specific digesticn
) orotocel employed at the EPA analyvtical sites) limits accuracy assessment
Z in an absolute sense. However.the use of blanks and Youden pairs allows
relative accuracy to be determined and false positives (values erronecusly
r2gorted above detection limit) to be identified.

{ DUFLICATES. Each environmental sampling team will collect duplicate
water, soil cores., entry way scrapings and dust samples at the 20th, 34ath,
bOth, etc. sampled houses. The duplicate samples will be assianed unigue
¢ sample mumbers and will be treated as completely independent samples. The
team will note which houses have been doubly sampled and this information
will be recorded in the master loag., but not provided to the analytical
laboratories.

The water samole duplicate will cons;st of a second tap aliquot beina
drawn after the primary sample is drawn. The same faucet should be used
and water flow should not be interrupted between samples. Duplicate water
samples are intended to qauqe analvtlcal preczsxon at actual field
concentrations. :

The duplicate soil cores, surface scrananS'and floor dust samples
will be acquired in the ageneral vicinity of the primary sample sites. It
"is not necessary to obtain these duplicate samples adjacent to the primary

samples, but if possible the duplicate should be from the qgeneral '
vicinity. Specifically. soil cores should be within two feet of each
other. surface scrapings should be from the same entry way, floor dust
should be from the same room/hallway. These duplicates are not
anticipated to vield the same analvtical values, but are intended toc allow
data lﬂteroretars ta address the reoresentativeness of the primary
samples.

———
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_ DATE
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BEDROGNM
WINDOW DUST
DATE INIT

87-0026—-0548-H2

HAND WIPE BLANK
DATE INIT

87;0026—0549—81
COLORADO METALS
HEMOGLOBIN '

CATE INIT_

87-0026=0549-U1

COLORADC METALS
UR. CREATININE
DATE____INIT___

87-0026-0549-Q1

QUESTIONNAIRE
DATE INIT

87-0026-0549-D4

BEDROGOM
WINEOW DUST
DATE_, INIT

87-0026-0549-H2

EAND WIPE 3LANK
CATE INIT

€7-0026-0550-81
COLORADO METALS
HEMOGLOBIN

INIT

87-0026-0550-U1
COLORADO METALS
UR. CREATININE

DATE INIT

87-0026-C550-Q1

QUESTIONNAIRE
DATE INIT

87-0026-0550-D4
BEDROQM :
KINDQW DUST
DATE INIT

[o B Bl VEVIFaE o Rl VIR L K* I V2D
MAIN ROOM
WINDOW DUST
DATE____INIT

87-0026~0548-W1

WATER TAP SAMPL
DATE INIT

87=-0026=0549=82
COLORADO METALS
8LOOD LEAD, FEP
DATE INIT

87-0026-0549~-U2

CCOLORADO METALS
UR., RESERVE
DATE INIT

87-0026-0549~-XR

XRF READINGS
DATE INIT

87-0026-0549-D5
MAIN ROQOM
WINDOW DUST
DATE INIT

87-0026-0549=W1

WATER TAP SAMPL
DATE INIT

87-0026-0550-82
COLORADO METALS
BLOOO LEADy FEP
DATE INIT

87-0026-0550~U2

COLORADQ METALS
UR. RESERVE
DATE____INIT

87-0026-0550-XR

XRF READINGS
DATE INIT

87-0026-0550-05
MAIN RCOM
WINDOW DUST
DATE INIT

DATE____INIT

G/l=vuvco=Lo40=o 1L
PLAY AREA
EXTERIQR SCRAPE

DATE INIT___

67-0026-0548=C1
PLAY AREA

SXTERIOR CORE
DA TE INIT_

87-0026=-0549
COLORADO METALS

UR INE CONTAINER

DATE ____INIT___

87-0026=0549
COLORADD METALS

DATE INTT_

87-0026~0549-01
MAIN ENTRANCE
FLOOR CQUST
DATE____INIT___

87-0026-C0549=51

PLAY AREA
EXTERIOR SCRAPE
DATE____INIT___

87-0026=-0549-C1
PLAY AREA

EXTERIOR CORE
DATE____ INIT_

87-0026-~C550

'COLORADC METALS

URINE. CONTAINER

87-0026-0550
COLORADO METALS

DATE INIT

87-0026-0550-01
MAIN ENTRANCE
FLOOR DUST

DATE INIT

- -

87-0026=-0550-51
PLAY AREA

EXTERIOGR SCRAPE

DATE INIT

DATE

‘DATE

QiI=ulOTUVI)*"0=0C
GUTTER/CURSB

EXTERIOR SCRAPE
DATE____INIT___

87-0026-0548=-C2
FRONT YARD
EXTERIOR CORE

DATE____INIT___

87-0026-0549-T1
COLORADD METALS

URINARY AS, CD

DATE____INIT_

87-0026-0549
COLORADO METALS

DATE____INIT___

87-0026~=0549-02
BEDROOM

FLOOR DUST
DATE____INIT_

87-0026-0549-52
GUTTER/CURB

EXTERIOR SCRAPE
DATE____INIT___

87-0026=-0549=C2
FRONT YARD
EXTERIOR CORE
DATE____INIT___

87-0026-0550~T1
COLORADO METALS
URINARY AS, CD
INIT_

87-0026-0550
COLORADO METALS

INIT___

87-0026-0550-D2"

BEDROGM
FLOGR DUST

DATE____INIT___

87-0026-0550-52
GUTTER/CURS

EXTERIOR SCRAPE
DATE INIT___

(o2 B VAV A o R d U

HAND WIPE

DATE____IN:

87-0026=05"
BACK YARD

EXTERIOR C-
DATE____IN:

87-0026=05%
COLORADQ ME
URIN. BETA-
DATE___ _IN:

87=-0026=05%
COLORADG ™=

INI

DATE

87-0026~0°5-

_MAIN ROCM.

FLOOR DUST
DATE____INI ~

87-0026-05-"

" HAND WIPE

DATE____INI

87-0026=05-
BACK YARD
EXTERIOR CI
DATE___ _IN:

87-0026-053
COLORADG Mg
URIN. BETA-
DATE____INT

87-0026-055
COLORADG ME

DATE____INI

87-0026=053
MAIN ROOQM
FLOOR DUST
DATE____INI-

87-0026-05%

HAND HIPE
DATE____INI~
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U.S. EPA Contract Laboratory Program {EPA Sample No.
Sample Hanagement Office i MHK343

209 Madison St. - Alexandria; VA 22314 ' _
703/557-2490 FTS: 8-957-24900

Date 11-20-87

[NORGANIC ANALYSIS DATA SHEET

LAB NAME ROCKY MOUNTAIN AKALYTICAL CASE FO. 8271
SOV XO. 784 ' :
LAB SAMPLE ID. NO. - QC REPORT NO. 87364

Elements ldentified and Measured

Concentration: Low X . o Medium o ' :
Matrix: Water Soil X Sludge - Other -
mg/kg &:%ugeight | |
ALUMINUM 5649 P MAGNESIUM 2780 P
ANTINONY 12 P_R_14. ‘MANGANESE 810 _ P
ARSENIC = 19 F 2
BARIUM 156 P X 16. KNICKEL [9.8] P
BERYLLIUM 11 P 17. POTASSIUX (1390} P
CADMIUN 8 P 18. SELENIUM _ 2.5U0 F R |
CALCIUX 15500 P 19. SILVER 20 P
CHROMIUM 9.8 P 20. SODIUM 545U P
'COBALT (7.21 3 21. _I_zz_gr_.;nm 5T F
10. COPPER | 45 P_IR S
11. IRON 13700 P 23. VANADIUM {121 P
12. LEAD 344 P X 24. ZINC 2019 P

Cosel sl = Percent Solids (%) Tee N{

Footnotes: For reporting results to EPA, standard result qualifiers are
used as defined on Cover Page. Additional flags or footnotes
explaining results are encouraged. Definition of such flags
must be explicit and contained on Cover Page, however.

Comments:

Lab Manager W\
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_STATE OF COLORAD

COLORADO DEPARTMENT OF HEALTH

4210 East 11th Avenue
Denver, Colorado 80220
Phone (303) 320-8333

Covernor

March 18, 1988 . . RoyRomer

Thomas M. Vernon, *
Executive Director

To the Pareant of
Leadville, CQ 80461
Dear Parent:

Thank you for participating in the Leadville Heavy Metals Survey conducted by
the Division of Disease Control and Eavironmental Epidemiology, Colorado
Department of Health, and the University of Colorado at Denver, this past
September and October. Test results are attached along with expected ranges
of values. ' ' s

The Centers for Disease Control (CDC), U. S. Public Health Service guidelines
define lead poisoning in children as having a blood lead level greater thaa or
equal to 25 ug/dl and a free erythrocyte protovorphyrin (FEP) level greater
than or equal to 35 ug/dl. The CDC definition states that both blood tests
must be elevated to indicate lead toxicity in children.

Although these results are considered normal, we suggest that you provide
these to your physician for his/her informatioan.

If you have further questions, we request that you coatact your private
physician or Lane Cook or amyself at the Division of Disease Coutrol and
Eavironmental Epidemiology at 331-8330. Thank you again for your coopmeration.

Sincerely,
Ellen J. Mangione, MD, MPH

Director, Divisioan of Disease Control
and Environmental Epidemiology

EJM/sjm
Attachment



BLOOD TEST RESULTS

l.zad Test Your Result .Expected Result

fﬂzcd Lead (ug/dl) 8.7 _ less than 2S5

"~2@ Erythrocyte Protoporphyrin (ug/dl) 23 less than 35

~maglobin (ug/dil) 14 XX

! matocrit (L) 39 XX

: URINE TEST RESULTS

;rine Test- ‘ : Your Result Expected Result

|

!minary Cadmium (ug/g creatinine) . Not Done O to S

~inary Arsenic (ng/ml) Not Done O te 100
inmary Beta-2-Microglobulin (ug/1l) Not Done T less than 450

) these values vary with age and altitude

!
{ . i

5.OSSARY

f cod Lead - the amount of lead inm the blood.

“ree Erythrocyte Protaoporphyrin — the amount of a substance in the

i oed which may be found at increased levels when either the
i +ects of excess lead or iron deficiency are present. :

- -maglabin - the amount of a substance in the blood which carries
iﬁygenm One measure of whether or not a persomn is anemic.

“ematacrit - The percentage of red blood cells . in tne blood.
4 ather measure of whether or not a person is anemic.

i .

i

Jrinary Cadmium - the amount of cadmium in urine.
j inary Arsenic -~ the amount of arsenic in urine.

i~inary Beta-2-Microglobulin - the amount of a particular protein in
ine. A measure of passible kidney damage due to cadmium.

JORR WO )
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STATE OF COLOR/\DO

COLORADO DEPARTMENT OF HEALTH

4210 ‘East 11th Avenue
Denver, Colorado 80220
Phone (303) 320-8333:

Roy Romer
Covernor

Thomas M, Vernon, W.C
Executive Director

'November, 1988

To the Example Family
Address

Leadville, €0 zip
Household ID #

Please find enclosed the results of environmental sampling done inside and
outside your home during the Leadville Metals Survey conducted in September
and October of 1987. Listed next to your results are the average levels of
lead, arsenic and cadmium found in Leadville during this project.

We would 1ike to thank you for your participation in this survey which was
conducted by the Division of Disease Control and Enviromental Epidemiology,
Colorado Department of Health and the Center for Environmental Sciences at the
University of Colorado at Denver. We anticipate that we will have a final
report of this project compieted by spring, 1989 and at that time we will
discuss the results at a pub11c meeting held in Leadville.

If you have any questions, p]ease call Dr. Bil1 Chappell at (303) 556-3460 or
Lane Cook or myself at (303) 331-8330. Thank you again for your cooperation.

Sincerely,
Ellen J. Mangione, MD, MPH, Director Bi11 Chappell, PhD, Professor
Division of Disease Control and - Center for Environmental Sciences

Environmental Epidemiology
_Enclosures

EJM/BC/sjm
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ENVIRONMENTAL TEST RESULTS
LEAD RESULTS
t3Leadville Average (ﬁg/g)

Area Sample Taken Your Result (ug/g)

PO

back yard

Area Sample Taken

‘CADMIUM RESULTS

.Your Result (ug/g)

Lead in floor dust 1220 841
Lead in scrape entry 2260 1879
Lead in s8ill dust 2870 969
Lead in play area 5300 782
Lead in front yard not done 1108
Lead in not done 915

. *¥*Leadville Average

Cadmium in floor dust 9.8 14
Cadmium in scrape entry 6.8 12
Cadmium in sill dust 14 26
Cadmium in play area 27 10
Cadmium in front yard not done 11
Cadmium in back yard not done 11

ARSENIC RESULTS

Area Sample Taken Your Result (ug/g) txLeadville Average (ug/g)

e

Arsenic in floor dust - 36 36
Arsenic in scrape entry 234 120
Arsenic in sill dust 92 29
Arsenic in play area 738 32
Arsenic in front yard not done 42
Arsenic not done 31

in bgck yard

** Geometric means



The enclosed tables list the results of analyses of environmental’
samples collected inside and outside your home. You can compare
the average levels found in Leadville in this study to the
levels found in and around your home. Other studies have found
95% of samples collected in the Western United States had lead
levels ranging from 4.8 - 67.0 ug/kg and in Colorado ranging
from 10.7 to 73.0. Cadmium has been found at levels less

than 1 to 10 ug/g in other studies in Colorado or the Western
United States. In 95% of the samples collected for studies in
the Western United States arsenic levels ranged from 2.0 to
20.0 ug/g and in Colorado ranged from 1.0 to 20.0 ug/g.

When comparing your levels to other areas in the country
remember that Leadville is unique in its mining past and
background levels of a variety of metals. If you are
concerned about the levels found in your home there are steps-
you can take to reduce potential exposure. These include,
particularly for young children, more frequent handwashing,
not taking food or a bottle outside to play and not allowing
children to swallow or mouth foreign objects. Also, not using
materials from the mines around your home and if you are
employed as a miner, showering and changing clothes before
coming home will reduce potential exposures.

While considerable care was taken in making these measurements,
occasional problems can occur. Before taking any steps based
on this information, other than those recommended above, it
would be wise to repeat the measurements.
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RESULTS OF LEAD MEASURED IN THE PAINT

Room Measured Your Result

- Bedroom ' . Low or None
Main Room Low or None
Kitchen » ‘Low or None
Bathroom _ Low or None
Entryway Low or None
‘Other : Low or None
Other A Low or None
~OQutside Entry Low or None
Outside Siding Low or None
Qutside Trim ' Low or None
Outside Window Low or None
Other Qutside Low or None
Other Outside - Low or None

Lead in paint is common in houses built prior to 1950. It is
not a hazard unless it is available as chips or dust which may
be ingested or inhaled by young children or inhaled by adults.
This can occur if the paint is chipping or peeling or if a room
is being remodeled and the paint is disturbed. If you have
leaded paint that is chipping or peeling, it could be covered
with new paint or wallpaper or access blocked by a piece of
furniture so children are not able to chew on the chips. If you
are planning to remodel a room that has lead in the paint,
precautions should be taken so that neither you or your child is
exposed to lead contaminated dust. Types of precautions would
include wearing a respirator while remodeling and wet cleaning of
the dust. Children should not be exposed to dust which contains
lead and may need to be housed elsewhere during the remodeling.



variation in that ability from one individual to ancther, the larger GSD may
be a reflection of individual differences in response to the coupled

stresses. This is cbviously alhypoﬂ'xesis, and its validity can only be

' checked by additicnal research. Another possible explanation is that the

multiple sources of lead contamination in Leadville have given rise to an
unusually diverse mix of epicenters of lead as well as differing lead
compounds and particulate sizes, both of which could affect bicavailability.

Still another explanaticn is that the drawing of blood in the hames provided

" variability in the setting however, the blood samples were drawn by

venipuncture.

In addition to ccmpa.rlng blocd lead distributions from different sites,
another_ comparison that is freé;uent.ly made involves the relationship of blood
lead to soil lead. Several studies (40), have used lmear regression analysis
to obtain a slcpe of the blood lead, scil lead curve. The values obtained
hé.ve ranged from 0.6 ug/dl/1000 pEm soil lead to 7.6 ug/dl/1000 ppm soil -
lead. The present study gives a r.egression line ,involvif.né the leogs of blood
lead and soil lead leading to the fonow:';ig equation for blood lead (PbB) -

PbB = 1.52 (soil lead in ppm)0-25
.

Usi.t_'xq values of soil lead of 100 ppm and 1100 ppm leads to a 'differen_ce
in blood lead over that range of 3.9 ug/dl or a slope' in that range of 3.9
ug/dl per 1000 ppm. It is important to note the nonlinearity, which is
typical, leads to a slover increase of blood leads with higher soil

concentiations;

g G



Envirormental Samples

Geametric mean ievels of lead in the soils and dust of Leadville were
found to range from 572 ppm to 1879 ppm. For compafison purposes,,. one study
of Coloragio soils found 'ai gecmetric mean of 28 ppm lead with a geqnetric |
standard deviation (GSD) of 1.62, while another study of soils in the Western
United Statas cbtained a geametric mean of 18 with a GSD of 1.96 (3). It is
to be anticipated that background soil lead concentrations would be higher

" than normal in Leadville because 6f extensive mineralization, but no

information exists on soil lead levels prior to the initiation of mining

activities.

No water samples had levels of lead greater than the EPA’s MCL of 50
ug/L. However, it must be recognized that the sampling method was not optimal
fordetectirx;@cposuretoleadbyﬂuis-rmztebeczuse it did not cbtain first

draw or fully flushed samples.
XRF Data
Because there are many pre-1950 houses in Leadville, it was anticipated
that many houses would have had lead-based paint used at some time in the past

(34). A similar study in Telluride, 0 found nearly 70% of the houses to have

lead-based paint prsem: (39) .

It must be noted that problems with the XRF units (for lead in paint
measurements) caused reservations in the interpretation of the XRF data. Th.e-:

-46-




portable XRF units have. both inherent and operational problems. Inherently,
the primary excitation source involves a randam process ard is subject to
statistical fluctuation. ‘The source has a half life (270 days) that affects
the reliability of the readings as it ages. The physical shape of the
“instrument and window requires a flat, sufficiently sized area to cbtain an
accurate reading. Many curved and narrow trims and surfaces did not allow
correct placement of the instrument. Operationally, the units had oocasional
préblems with the battery packs not fully charging. The units needed
considerable "warm-up" time for the first readings of the day. Certain types
of surface campositions gave unreliable readings, aluminum siding in
particular. One unit had a defective LED readout that made correct reading of
the display very difficult under certain corditions. While there were two
National Bureau of Standards (NBS) standards to judge the accuracy of the
‘units, one standard was at the instrument’s detection limit (0.6 mg/cm?) where
the readings were particularly unstable. This means there was one mid-range
standard to use for two instruments. |

While these cperational problems are not insurmountable to a highly
experienced operator, saome operétors were not highly experienced and often
there was not enough time in the field to cbtain an accurate andprecise
reading. Although the instrument may be intended for quantitative
measurements, it is believed that these partla.llar instruments and field
circumstances permitted only qualitative measurements. The lead in a surface
can only be quantified to 3 levels: 1low, medium, and high. 1In general, |
readings <l correspond to little to no detectable lead paint. Readings .



between 1 and 6 mg/cm® indicate one coat of lead-based paint (a full coverage
reading 5-6 mg/cm?, with chipped or partial coverage between 1-4 mg/an?) .
Readings between 6-10 mg/cm? indicate more than one coat of lead-based paint
(6—9 mg/cm? on chipped or partial coverage with 9-10 mg/am? at full
coverage). The results presented in ‘fabl,e 14 are valid in terms of {:he
distribution mto none, low, medium, and high levels. The reservations
discussed here are in ascrlbmg val:LdJ.ty to the precise value in mg/cme.
These results thy indicate that there is or is not lead on a surface. While
“the instrument provides that information reliably, quickly and
mn—des‘lmlctivély, and ‘the XRF unit was a valuable qualitative tool in this
study, iﬁ mist be noted that the readings cannot be viewed as accurate or

precise quantitative measures of lead concentrations.

Envn.rormental Samples and Blood: Lead levels

The strongest assoc1atlon was found between childhood blood lead levels
arxierw:.rorm\em:al lead levels inthecore-sanplestaicenatthe rear of the
house. The odds ratios would indicate that children exposed to lead .levels
greater than 500 pem in Leadville are at risk of increased blood lead levels

(>10 or >15 ugydl).

While other studies have described an association between indoor dust
lead levels and blood lead levels, such an association was not found m this
study (24-28). Envirormental samplers often had difficulty in collecting dust
in quantities sufficient for analysis. House cleaning prior to a scheduled

-4 8-



appointment may have contributed to this and, as a result, indoor dust samples
may not be indicative of the actual household dust lead levels. In additien,
the weight of dust collected at each hame was small due to time restrictions
at the home (the 2 dust composites alone Oftexm took 45 mimutes to 1 hour to
collect). The EPA laboratory amalysis protocol was not designed for small
volumes of dust, introducing additional errors in the handling, weighing,
additional dilution factors and reduction of the total mmber of elements
analyzed Also, the digestion used in the analysis of the dust, scrapes, and
" soils is designed as only a partial digestion. While tl'us would not affect
intra-study associations, it makes it difficult to have inter-study

' camparisons of the elemental levels of the dusts/scrapes/soils.
Multivariate Analysis and Blood Iead Levels

As has been found in cther studles, children’s age was negatively
correlated with blood lead levels. Younger children exhibit more of the risk

factors associated with elevated blood lead levels.

An association appears to gxist-between children’s blood lead levels and
eating leafy green vegetables grown in Leadville. Children who ate these less
than once a week had lower blood lead levels than children who ate them more
than once a week. However, this study also found children who never ate leafy
green vegetables grown in Ieadville had higher blood lead levels than children
who ate them less than once a week. Because of the erratic dose response

| gradient, this may be a spuriocus association.

-49-



Selected mouthing characteristics of the child were also associated with
elevated blood lead levels. Children who swallowed objects other than food or

who took a food or bottle ocutside to. play had higher blood lead levels than

 children who did not. Swallowing non-food items may indicate exposure to lead -

through ingestion of dirt or contaminated objects.

Blood lead levels were also higher for children whose parents had used

material from the mines around the home. Bringing contamined dirt home for

‘whatever purpcse could increase the potential for excess lead exposure.

Playing on a grassy area was protective for the the child’s blood lead
level versus playing on concrete/asphalt or dirt. Children playinq- on grassy
areas had lower blood lead levels than children playing on ground with no
cover, i.e. dirt, concrete or asphalt. Ground that is. covered with grass
wmldA help prevent exposure to children from contaminated dust and soil.
Concrete/asphalt while potentially covering a previocusly contaminated area,
may have made subsequent metals deposition more readily acdessible to
children.

The only envircrmental samplé which was associated with blood lead
levels following forward stepwise linear regression using all the
envirormental samples was the -core sample taken at the rear of the house.
This variable remained an independent contributor to blood lead even after

accounting for the confounding of cother effects.



| The final regression model for these data explained 46% of the variation
in the blocd lead levels of children less than six years livihg in Leadville
(R2 = .46). This campares to research in Helena, Montana and Kellog, Idaho
which examined blood lead levels of children living near smelters. Regression
models including behaviorial and envirommental characteristics found a R? of

.28 in Montana and .33 in Idaho.

It appears that blood lead levels in children 6-71 months old living in
"Leadville are higher than would be expected. Recent data from a childhood
lead screening project in Denver found a mean blood level of 5.6 in 617
children screened from a clinic population'judged to be at elevated risk of
lead exposure versus 10.1 in Leadville. The perecentage of children in
Leadville above 15 ug/dl was higher than would be predicted based on EPA
modelling. In addition, soils in Leadville were found to have rﬁuch higher
levels of lead than soils in other parts of the United States. Although
ccmparlsons are dJ.ff:Lcult because of the lack of current data, it would appear
thatsomee:ccssexposuretoleadlstalumplacemleadvule Potential
health effects in this population at these blocd lead levels are not known and
need to be identified through a health effects study.



REQQMMENDATIONS

Associations with selected behavioral characteristics and blood lead
levels in children were identified through this study. BExposure to lead can
be reduced through implementing the folldwing recammendations:

1) Lme;:'thee’cposuretoleadin.soilsarxd,dusts.

"2) Cover exposed play areas with grass.

3) Minimize the mumber of times the child takes food or'a bottle cutside.

4) Monitor and attempt to minimize the chJ.ld swallowing things other than
food.

5) Do not use materials brought fram the mines arocund the hame.

6) If a miner, change clothes and shower at the mine before ccmmg home.

7) Improve hand washing habits.



. TABLE 1
Campletion Status for Household Census
LEADVILIE METALS EXPOSURE STUDY
ILEADVILLIE, QO

September, 1987
Comp letion Status Number of Households
Total Households Screened 1513
Vacant/Invalid 165
Total Eligible Households 1348
Camplete » 1014
No Contact 210
Refused 124
TABLE 2

ILeadville Census, Distribution by Age Group
LEADVILIE METALS EXPOSURE. STUDY
LEADVIIIE,

September, 1987
Age Group N %
< 6 months 23 0.9
26mrrthsarxi<6yeéxs 239 ' 9.1
6 - 14 years | 373 ' 14.2
15 - 44 years ' 1186 45.1
45 - 65 years 556 21.1
> 65 years _ 254 , - 9.6
TOTAL - 2631 ~ 100.0
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TABLE 3
Response Rates by Sex and Age Group
IEADVITIE METALS EXFOSURE STUDY
LEADVILIE, QO

i September, 1987
. SEX :
§ Male : . Female
L Age Group N ___ Participants % N __ Participants %
| .
6-71 mos. 125 76 60.8 114 74 64.9
6-14 yrs. 25 14 56.0 25 15 ~ 60.0
15-44 yrs. 25 13 52.0 25 15 160.0
ﬁ 45-65 yrs. 25 15 60.0 25 11 44.0
’{’ L » | TABLE 4
e Mean and Range of Blood Iead lLevels - (ug/dl) by Age
- IFADVITIE METALS EXPOSURE STUDY
‘ : LEADVIIIE, O
September, 1987
, Number Arithmetic Geametric
; Age Tested Mean _ SD* Mean GSD** Range
6~71 mos. 150 10.1  5.58 8.7 1.79  0.5-30.1
g, ' 6-14 yrs. 29 5.8 2.95 5.1 1.66 1.8-13.2
. 15-44 yrs. 28 6.4 4.15 5.5 1..75  2.5-18.5
-
I
45-65 yrs.. 26 . 8.6 6.70 6.8 1.93 -2;4—28{0

#*Standard Deviation
**Geametric Standard Deviation

-54-



TABLE 5
Mean and Range of Blood lead Levels (ug/dl) by Age and Sex

' IEADVIIIE, CO
{ September, 1987
{ Number Arithmetic Geametric
Age Tested Mean SD* Mean GSD* Range
! 6-71 mos. M 76 10.3 6.11 8.8 1.74 2.5-30.1
- F 74 10.0 5.01 .8.6 1.84 0.5-24.0
6-14 yrs. M 14 6.6 2.98 6.6 1.55 2.9-13.2
. F 15 5.0 2.80 4.4 1.71 1.8-13.2
; 15-44 yrs. M 13 8.6 4.79 7.6 1.66 3.5-18.5
= : F 15 4.5 2.27 1.1 1.54 2.5-18.5
45-65 yrs. M 15 10.1 6.13 8.7 1.76 2.6-28.0
' F 11 6.5 7.16 4.9 1.95 2.4-28.0
; *Standard{ Deviation
‘ **Geametric Standard Deviation

Mean and Range of Blood Lead Levels (ug/dl) by Age and Ethnic Group .

: IEADVILIE, OO
September, 1987
Number Arithmetic Geametric
Age __Tested Mean SD* Mean GSD* Range
:
6-71 mos. Hisp 58 9.7 5.87 8.0 1.98 0.5-25.4
Non-Hisp 89 10.4 5.28 9.2 1l.65 2.5-30.1

. 6-14 yrs. Hisp 7 5.7 4.9 1.79 2.4-13.2
b Non-Hisp 22 5.8 2.76 5.2 1.64 1.8-11.2
b ' 15-44 yrs. Hisp 5 .5 1.35 2.6~ 5.0
= | 0 1.74 2.5-18.5
45-65 yrs.  Hisp 3 15. 12.2 2.30 5.2-27.6

7.7 6.3 2.4-28.0

N
(%)
3
~N N
.
O b
.
|
.
®
(<))

- *Standard Deviation
{ **Geametric Standard Deviation
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_ TABLE 7 '
Mean and Range of FEP levels (ug/dl) by Age
LEADVILIE METALS EXPOSURE STUDY

September, 1987
Number Arithmetic Geometric
Age Tested Mean _ SD* Mean GSD** Range
6-71 mos. 150 19.0 10.2 17.7 1.40 8-110
6-14 yrs. 29  20.9 5.3 20.3 1.29 12-34
15-44 yrs. 28 29.9 23.2  23.2 1.66 14-248
45-65 yrs. 26 29.0 25.1 25.1 1.39 15-141

#Standard Deviation

sk

ic Standard Deviation
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TABLE 8 -
Mean and Range of Hemoglcbin levels (ug/dl) by Age
TEADVILIE METALS EXPOSURE STUDY
s LEADVILIE, O
[ September, 1987

{ | _ Number  Arithmetic = Geometric

Age Tested Mean SD* Mean GSD** Range

{' 6-71 mos. 145 13.9 0.98 13.9  1.07 10.1-16.3
6-14 yrs. 29 14.7 0.68 14.7 1.05 13.6-15.8
15-44 yrs. 27 15.7 1.55 15.7 1.10 12.9-18.6

e 45-65 yrs. 29 16.3 1.91 16.2  1.12 12.3-20.8

———

*Standard Deviation
f 1 . **Geometric Standard Deviation
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TABLE 9
Mean and Range of Hematocrit Levels (ug/dl) by Age

i o LEADVILLE METALS EXFOSURE STUDY

e | LEADVILIE, CO

‘ ! ' ' September, 1987

| { ' Number  Arithmetic Geametric '

’ Age Tested Mean __SD* Mean  GSD** _ Range

‘ ) ' 6-71 mos. 145 40.1 3.69 40.0 1.11 28.0-47.0
i . ) ’ .
a

- 6-14 yrs. 29 42.8 3.75 42.8 1.09 38.0-48.0
i 15-44 yrs. 27 46.1 3.83 45.9 1.05 37.0-51.0
B

| IS 45-65 yrs. 25 48.0 3.86 47.7 1.12 37.0-60.0
1 '
-t

**Geametric Standard Deviation

!



e

it

TABLE 10

Mean and Range of Urinary Arsenic Levels (ng/ml) by Age
LEADVIIIE METALS EXPOSURE STUDY

LEADVILLE, O
September, 1987

Number Arithmetic Geametric o

Age Tested Mean SD* Mean GSD** _Range
36-71 mos 39 9.01 5.92 7.41 1.87  BDL~29.8
6-14 yrs 29 8.22 5.11 6.81 1.85  BDL-18.3
15-44 yrs 26 7.35 5.34 6.03 1.83  BDL-20.9
45-65 yrs 25 12.99 12.39 ~ 8.49 2.52  BDL-39.0

BDL = Below Detection Limits (8 ng/ml)

*Standard Deviation

**Geometric Standard Deviation
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' TABLE 11
Mean and Range of Urinary Cadmium Levels (ng/g creatinine) by Age
LEADVIIIE METALS EXPOSURE STUDY

LEADVILIE, QO
September, 1987
Number Arithmetic Geametric

Age Tested Mgan SD* Mean _ GSD** _Range
36-17 mos. T 41 0.17 0.23 0.10 2.73 0.01-1.28
6-14 yrs. 29 0.20 0.17 0.14 2.34 0.02-0.70
15-44 yrs. 26 © 0.60 0.92 0.30 ' 3.32 0.03-4.59
45-65 yrs. 25 A 0.78 0.97 0.30 5.17 0.01-3.97

*Standard Deviation ;
**Geometric Standard Dev:LatJ.on
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TABLE 12
Beta-2 Microglobulin
Mean and Range of Levels (ug/l) by Age
LEADVIIIE METALS EXPOSURE STUDY

LEADVILIE, CO:
September, 1987
. . Number Arithmetic Geametric
Age Tested Mean SD* . __Mean GSD* Range
36-71 mos. 37 176.6 90.5 = 248.4 1.9 BDL~393.0
6-14 yrs. 26 131.1 61.7 114.5 1.8 BDL~246.0
15-44 yrs. 26 84.1 40.5 75.1 1.6 BDL~156.0
45-65 yrs. 25 81.8 51.3 70.6 1.7 BDL~240.0

BDL = Below Detection Limit (98 ug/l)
*Standard Deviation

#*Gegmetric Standard Deviation
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TABLE 13

ILead Concentration in Samples Collected from
Resident’s Home and Yard (ppm)
LEADVITIE METALS EXPOSURE STUDY

LEADVILLE, CO
September, 1987

‘Type of Sample- ;
and Sampling ‘Number Arithmetic Gecmetric
Location Tested Mean SD* Mean GSD¥** Range
Core Front 168 1762.5 1867.2 1108.3 2.8 49.0-15,100.0
-Core Rear 166 1625.4  2609.6 914.7 3.1  10.0-27,800.0
Core Play 37 1055.3 1183.7 572.3 3.3 43.0- 4,870.0
Scrape Play 111 1643.4 1824.3 868.1 3.7 2.7- 8,620.0
Scrape Entry 169 2463.2 2022.4 1878.9 2.2 134.0-14,700.0
CcmpOsite'dust 170 1948.5 3588.2 969.2 3.3 30.0-27,900.0

Windowsill
Camposite.dust. 169 1095.6 1049.1 841.0 2.2 8.0~11,100.0

Floor

*Standard Deviation
**Geametric Standard Deviaticn
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TABLE 14
Arsenic Concentration in Samples Collected from
Resident’s Home and Yard (ppm)
LEADVILLE METALS EXPOSURE STUDY
LEADVILIE, CO

September, 1987

Type of Sample 7
and Sampling Number Arithmetic Geametric
Location Tested Mean SD* Mean GSD** Range
Core Front 168 56.9 - 48.2 41.9 2.2 5.7 = 281.0
_Core Rear 166 - 42.6 39.2 30.5 2.3 1.9 - 282.0
Core Play 37 38.0 31.3 24.5 3.0 0.7 = 122.0
Scrape Play 111 80.9 132.2  34.3 4.0 0.7 - 738.0
Scrape Entry 169 160.5 . 119.5 117.3 2.5 2.5 - 556.0
Camposite Dust

Windowsill 170 52.7 74.8 28.5 = 3.3 0.7 - 744.0
Camposite Dust . '

Floor 169 43.8 27.9 35.5 2.0 3.5 = 14%9.0

**Geametric Standard Deviation



Cadmium Concentration in Samples Collected from

TABLE 15

Resident’s Home and Yard (ppm)
LEADVIILE METALS EXPOSURE STUDY

IEADVILIE, QO
September, 1987
"I‘ype of Sample
and Sampling Number Arithmetic Geametric
Iocation Tested Mean = SD* Mean GSD** Range
Core Front 168 17.7  34.3 10.7 2.6 0.5 - 424.0
" Core Rear 166 15.2  13.6 11.3 2.1 1.4 - 92.0
Core Play 37 15.1 15.4 9.6 2.7 1.0 - 60.0
Scrape Play 111 15.6 16.8 10.0 2.7 0.4 - 103.0
Scrape: Ehﬂ:'y 169 15.6 16.8 11.6 2.2 1.0 - l90.l0
Camposite dust :
Windowsill 170 79.4 283.9 25.7 3.5 0.3 - 3300.0
Composite dust : '
Floor 169 17.2  13.5 4.2 1.8 1.8 - 115.0
*Standard Deviation
**Geometric Standard Deviation
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' TABLE 16
Lead-Based Paint Values (mg/sqg.cm) for Interior and Exterior Walls
of Resident’s Homes
LEADVILLE METALS EXPOSURE STUDY
LEADVILLE, CO
September, 1987

“Below

Sampling ~ Low ___ Moderate High TOTAL
Location _ None Detection(<0.,07) (0.7-2.9) (2.0-5.9) ~  ( >6.0) MEASUREMENTS__
INTERIOR | | | |

Bedroom = 24 (32.0) 33 (44.0) 7 ( 9.3) 3 (4.0) 8 (10.7) 75
Main room . 34 (45.3) 21 (28.0) 8 (10.7) 2 (2.7) . 10 (13.3) 75
Kitchen 27 (38.0) 19 (26.8) 12 (16.9) 1 (1.4) 12 (16.9) 71
Bathroom 18 (33.3) 26 (48.1) 4 (7.4) 1 (1.9) 5 (9.3) 54
Main Entry 14 (26.4) 12 (27.6) 12 (22.6) 5 (9.4) 10 (18.9) 53
TOTAL 117 (35.1) 111 (33.8) 43 (13.1) 12 (3.7) 45 (13.7) - 328
EXTERIOR |
Entry 20 (28.2) 10 (14.1) 21 (29.6) 6 (8.5) 14 (19.7) 71
siding 19 (28.8) 22 (33.3) 11 (16.7) 5 (7.6) 9 (13.6) - 66
Trim 16 (3.4) 6 (13.0) 12 (27.3) 5 (11.4) 5 (11.4) a4
Window 11 (23.9) 9 (19.6) 14 (30.4) 2 (4.3) 10 (21.7) 46
TOTAL 66 (29.1) 47 (20.1) 58 (25.6) 18 (7.9) 38 (16.7) 227
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Correlations Among Lead

TABLE 17

'LEADVILLE METALS EXPOSURE STUDY

LEADVILLE, CO
September, 1987

Levels in Soil and Dust'Samblég

Dust Dust Core . Core Core Scrape Scrape
Floor .. Sill ... Rear _ _Front = =~ = Play. - Play === Entry
"Dust Floor -#% 0.41 0.24 0 .31 0.35 0.22 0.22
——%k <0.001 0.002 <0.001 " 0.034 0.022 0.004
———kkk (169) (165) (167) (37) (110) (168)
bDust Sill 0.26 0.28 0.03 0.23 0.26
<0,001 <0.001 0.87 0.013 <0.001
(166) (168) (37) (111) (169)
Core Rear .52 .64 .37 .35
<0.001 . <0.001 <0.001 0.001"
(165) ' (36) (108) (165)
Core Front .62 .41 .32
<0.001 <.001 <0.001
(37) (109) (167)
Core Play .004
0.97
(37)
Scrape Play .44
' <0.001
(110)

*Pearson Correlation Coefficient
**Significance probability of correlation
*x*Number of samples in parentheses
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TABLE 18
Mean Blood lead levels (ug/dl) for Children <6 Years
by Soil Lead level (ppm)
IEADVILLE METALS EXPOSURE STUDY
LEADVILLE, OO
September, 1987

SAMPLING

STTE <500 501-1000 __ 1001-2500  2501-5000 55000
Core Samples - -
Fraont 7.7 (36)* 10.5 (26) 10.5 (55)  10.5 (27)  18.6
Rear 6.4 (37) 9.2 (30) 11.8 (53) 11.7 (22)  16.3
Play Area 9.2 (12) 6.7 (8) 10.7 (12) 17.3  (4)
Entry 7.5 (13) 10.7 (20) © 9.3 (62)  11.0 (43)  13.7 (12)
Play Area 13.2 (18) 1.7

7.8 (36) 11.0 (19) 10.2 (31)

*Numbers of participants appear in parentheses.

Mean Blood Lead lLevels (ug/dl) for Children <6 Years
by House Dust Iead level (ppm)
IEADVIII.E METALS EXPOSURE STUDY

LEADVILLE, OO
September, 1987
SAMPLING _
STTE <500 501-1000 __ 1001-2500  2501-5000 __ >5000
Floor 9.4 (39)*% 9.1 (66)  12.7 (42) 7.3 (2) 5.8 (1)
Windowsill 11.1 (50) 10.7 (11) 9.2 (10)

9.9 (45) 9.2 (34)

*Numbers of participants appear in parentheses.
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TABLE 20

Chi-Square Analyses of Blood Lead Levels and Lead in

Dust and Soil for Children <6 Years
ILEADVITIE METAILS m STUDY

LEADVILLE, O
September, 1987
Sample Contaminant Blood Lead X2 p value
Type Level (ppm) Level (ugydl)
< 10 > 10
Core Rear <500 33 4 18.1 <0.001
N >500 56 57 '
. Core Front <500 26 10
>500 " 63 51 3.3 0.071
bDust Floor <500 28 11 3.4 0.066
>500 61 50
Dust Sill <500 28 17 0.22 0.637
>500 61 44
Scrape Entry <500 8 5 0.03 .0.866
‘ >500 81 56
Core Play <500 72 54 1.6 0.211
>500 17 7
Scrape Play <500 53 23 6.9 0.009
>500 36 38
-68-
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TABLE 21

Correlations Among Log-Transformed Lead lLevels in Blood

and Envirommental Samples.
IEADVILLE METALIS EXPOSURE STUDY

LEADVILIE, CO
September, 1987
_é 1 year and- .
< 3 years < 6 years
Dust Floor 0.13* 0.10
: ) 0. 35%% 0.19
(52) *** (49)
" pust Sill. 0.10 0.07
0.49 0.37
(52) (150)
Core Front 0.27 0.35
<0.05 <0.001
(52) (149)
Core Rear 0.53 0.50
<0.001 <0.001
(52) (148)
Core Play 0.23 0.35
' 0.45 0.037
(13) (36)
Scrape Play 0.27 0.33
0.10 <0.001
| (38) © (110)
'Scrape Entry 0.31 0.30
0.02 <0.001
(148)

(51)

*Pearson Correlation Coefficient
**Significance probability of correlation
***Sample size in parentheses
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TABLE 22 :
Chi-Square Analyses of Blood Lead levels and Lead in
Dust ard Soil for Children >1 Year and <3 Years

LEADVILLE, O
September, 1987
Sample Contaminant Blood Lead
Type Level (ppm) Level (ug/dl) |
. <10 210 X2 p value
Core Rear <500 ' 12 2 10.9 0.001
>500 : 13 25 .
" Core Front <500 6 5 0.2 0.629
>500 19 22
Dust Floor <500 11 6 2.8 ‘0. 100
>500 21 23
Dust Sill <500 7 7 0.03 0.866
>500 18 20
Scrape Entry <500 3 3 0.01 0.920
>500 22 24 :
Core Play <500 3 3 0.07 0.797
: ' ' >500 4 3 :
Scrape Play <500 8 S 1.6 0.207
) ' >500 10 15 ’
«70=



Mean Urine Arsenic levels (ng/ml) for Children <6 Years

TABLE 23

by Soil Arsenic Level (ppm)
ILEADVIIIE METALS EXPOSURE STUDY
LEADVIIIE,
September, 1987

STTE <10 11-100 101-250 251-500
Core Samples _
Front - 6.6 (3)* 9.1 (35) 9.9 (2) 10.7 (1)
Rear . 10.7 (7) 8.7 (30) 9.7 (3) 4.0 (1)
_Play Area 13.3 (2) 10.8 (7) 8.3 (1) 0
Scrape Samples / |
' Entry : o | 9.2 (16) 8.3 (21) 12.1 (4)
Play Area 4.8 (5) 9.2 (19) 8.5 (4) 8.8 (S)

*'Numbérs of participants.appear in parentheses. -

Mean Urine Arsenic

TABLE 24

by House Dust Arsenic Levels (ppm)
LEADVILIE METALS EXPOSURE STUDY

LFEADVIIIE, QO
 September, 1987
‘SAMPLING Arsenic
SITE <10 11-100 -101-250
Floor 11.7 (12)* 8.3 (25) 5.7 (4)
Windowsill 1.34 (11) 8.1 (26) 5.7 (4)

*Numbers of participants appear in parentheses.
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TABLE 25
Mean Urine Cadmium Levels (ng/ml)*
for Children <6 Years by Soil Cadmium Level (ppm)
LEADVILLE METALS EXPOSURE STUDY

IFADVILILE, O
September, 1987

SAMPLING . Cadmitm

SITE <0.5 0.6-10 11-100,
Core Samples ‘ :
Fromt 0.1 (2)%* 0.2 (17) 0.1 (20)
Rear 0.1 (2) 0.2 (17) 0.1 (22)
Play Area 0 0.1 (5) 0.1 (5)
Play Area 0 0.3 (17) 0.1 (12)
Entry | 0 0.2 (17) 0.1 (22)

*Values are corrected for creatinine ,
**Numbers of participants appear in parentheses.

TABLE 26
Mean Urine Cadmium Levels (ng/ml)* for
' Children <6 Years by House Cadmium lLevel (ppm)
memms EXPOSURE STUDY '

LEADVILIE, CO
September, 1987
SAMPLING ~ Cadmium
SITE _ <0.5 _ 0.6=10 11~100 >100
Floor - 0 0.2 (13)** 0.1 (25) 0.1 (1)

Windowsill 0.3 (5) 0.1 (3) 0.1 (25) 0.2 (6)

*Values are corrected for creatinine.
**Numbers of participants appear in parentheses.
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_ TABLE 27
Blood Lead Levels (ug/dl) for Children <6 Years by
Lead Based Paint Values (mg/sq.cm)
Level in Paint Values ,
LEADVILLE METALS EXPOSURE STUDY
LEADVILLE, CO :
September, 1987

Sampling _ Below Low Moderate High TOTAL
Location ~__None Detection(<0.07) (0.7-2,9) (2.0-5.9) ( >6.0) ____MEASUREMENTS
INTERIOR : -
Bedroom 11.4 (32) 9.3 (21) 8.1 (8) 14.2 (3) 10.0 (4) © 10.4 (68)
Main Room 10.9 (50) 7.2 (10) 10.4 (5) 0 8.4 (4) 10.2 (69)
Kitchen 11.2 (35) 7.5 (17) 11.3 (7) 0 , - 10.8 (9) 10.3 (68)
Bathroom  10.7 (30) 9.8 (19) 11.9 (3) 13.1 (1) 6.3 (1) 10.4 (54)
Main Entry 9.4 (18) ©14.6 (12) 9.8 (17) 9.3 (6) 11.4 (6) 10.7 (59)
EXTERIOR : .

Entry 9.3 (16) 15.4 (11) 8.1 (16) 7.4 (6) 11.6 (8) 10.2 (57)
siding 11.2 (26) 6.9 (13) 10.9 (12) 12.3 (4) 8.9 (9) 10.4 (64)
Trim ' 10.9 (27) 5.8 (1) ' 9.0 (13) 10.6 (5) 13.3 (6) 10.6 (52)
Window 10.4 (27) 11.6 (11) " 11.2  (6) 0 9.5 (5) 10.7 (49)
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TABLE 28

Variables Significantly Associated with

Iog Blood Lead levels (p <.05) for Children <6 Years
LEADVILLE METALS EXPOSURE STUDY

September, 1987
: Mean Log Blood
Variable Description , _ Lead Level
: , F Value DF P Value by Response
LEAD RETATED
Do any household members work with soldering -
in electronics? 4.37 1,142 0.038 yes 2.40
: no 2.15
Does’ child often take food or bottle outside 2
to play? 16.56 1,59 <0.001 yes 2.46
no 2.13
Type of ground played on 2.75 4,130 0.031 dirt 2.27
’ : conc* 2.14
grassy 2.10
Does child wash his/her hands after playing? 3.88 1,132 0.051 yes 2.20
no 1.74
Hours play cutside R=.18%* 0.039
PARENTS OCCUPATTON ’
If there is a miner in the household does o
he/she wear work clothes home? 14.67 1,25 <0.001 yes 2.67
' ‘ no 2.10
Does miner not shower before caming home 4.75 1,20 0.041 yes 2.36
' no 1.95
MOUTHING BEI-EVIOR
How often does child swallow thmqs
other than food? 8.94 1,144 09.003 “some 2.55
no 2.12
How often do household members eat
leafy green vegetables grown in your ' , ‘
garden or elsewhere in Ieadville? 5.66 3,146 0.001. l/wk or > 2.14

-74-
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TABLE 28 (continued)
Variables Significantly Associated with

Log Blood Lead levels (p <.05) for Children <6 Years
LEADVILIE METALS EXPOSURE STUDY

September, 1987
Mean Log Blood
Variable Description : Lead Level
F Value DF P Value by Response
CHIID DEMOGRAPHICS .
Age 4.19 5,144 0.001 <1 1.60
1 2.42
2 2.26
3 2.21
4 2.17
5 2.12
QTHER . _
Do dogs and cats go in and ocut of house? 4.24 1,147 0.041 yes 2.27
no 2.09
Has anyone ever used materials from the 4 ‘
mines arocund the house or yard? 4.97 1,119 0.028 yes 2.36
no 2.10
*Concrete or Asphalt
**Correlation coefficient
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TABLE 29

Significant Odds Ratios for Blood Lead Levels <10 ug/dl and > 10 ug/dl

‘ and Behavioral Characteristics for Children <6 Years
ILEADVIILE METALS EXPOSURE STUDY

PLAY SURFACE TYPE AND PILAY HABITS

Does child often take food or bottle
outside to play?

PARENTS OCCUPATTION

If there is a miner in the household
does he/she wear work clothes home?

MCUTHING BEHAVIOR

How often does child swallow things
cother than food?

Same vs. never

Alot vs. some

EATING HABITS

How -often do household members eat
leafy green vegetables grown in your
garden or elsewhere in Leadville?
Once a week Or more vs. never
ILess than once a week vs. never
OTHER

Has anyone ever used materials from
the mines around the house or yard?

Household members. smoke
Refinished house in last month

LEADVILIE, OO
September, 1987
Variable Description Odds Ratio
LEAD RETATED
Household member solders in '1.65
electronics
" Household member solder pipes 1.94

2.12

2.91

2.67
1.72.
1.54

1.83
1.50

-76-

‘ Confidence Limits

(1.12, 2

(1.36, 2

(1.41, 3.

(.37, 6.

(2 0_13‘,
(1.1,
- (.09,

[JS I S W)

(0.41, 1.
(0.26, O.

(1.24, 2.

(1.09, 2.

(1.03, 2‘

.42)

.76)

20)

16)

.33)
.62)
.19)

21)

91)

78)

43)

19)



TABLE 30

Variables Not Associated with

Log Blood Lead Levels (>0.05) for Children <6 Years

LEADVILIE METALS EXPOSURE STUDY

*Correlation coefficient

LEADVILLIE, CO
September, 1987
Variable Description F Value DF P Value
ILFEAD REIATED HOBBIES :
Household member ride dirtbike or ATV 1.04 1, 148 0.31
Household member cast lead into s:.rﬂcers 0.05 1, 146 0.83
Household member paint furniture 0.15 1, 148 0.46
_ Household member paint picture 0.01 1, 147 0.94

Household member solder pipes 2.44 1, 146 0.12
PIAY SURFACE AND PIAY HABTTS A
Does child have favorite blanket or: toy 0.16 1, 148 0.69
Does child carry blanket or toy during day 0.34 1, 35 0.56
Does child play cutdoors 1.61 1, 17 0.22
Where child spends time during day 0.99 4, 145 0.41
Where «child usually plays outdoors 1.90 3, 130 0.13
Hours away from home R=.10%* .90
PARENT'S OCCUPATTON
Adults worked as miner or related job 2.72 1, 148 0.10
MOUTHING BEHAVIOR
Does child chew fingernails _ 0.18 1, 147 0.66
child put mouth on furniture or windowsill 0.53 2, 146 0.59
Used pacifier last six months 2.37 1, 5 0.18
Does child suck thumb or fmgars 0.01 1, 148 0.93
Child put blanket or toy in mouth 0.31 1, 16 - 0.50
Child often puts things other than food A

in mouth : 1.18 2, 146 0.31
Does child ever put paint chips in mouth 0.05 2, 146 0.95
EATING HABITS .
Food served in clay pottery 0.05 1, 147 0.83
How often child eats seafood 1.88 2, 145 0.27
Does child eat snow 0.29 3, 145 0.83
How often household member eats vegetables
- from own garden 0.17 2, 30 0.84
Soil hauled to garden 0.74 1, 18 0.40
Family have garden 2.96 1, 29 0.09
How often household members eat root :

vegetables 1.41 4, 144 0.23
Food stored in cans 1.74 1, 148 0.19 -
CHIID DEMOGRAPHICS ‘ '
Household income 1.3 1, 142 0.24
Race 1.30 2, 147 0.27
Sex 0.60 1, 148 0.80



TABLE 30 (continued)
Variables Not Associated with
Log Blood Lead lLevels (>0.05) for Children <6 Years

LEADVILLE METALS EXPOSURE STUDY

IEADVIIIE, O

September, 1987
Variable Description F Value* DF P Value
Year house built R= =-.17%* 0.10
Refinished house in last month : 2.53 1, 148 0.11
Refinished house prior to last month 1.80 1, 117 . 0.18
Anyone in household smoke 2.62 1, 148 0.11
House have storm windows 0.62 1, 82 0.43
OTHER |
¢hild wash face and hands before eating 0.13 1, 145 0.72
Child wash face and hands before sleep 0.36 1, 146 0.54
Household members smoke 1.62° 1, 148 0.11
Household education 0.62 1, 142 0.59

*Correlation coefficient



TABLE 31
Non-significant COdds Ratios for Blood Lead Levels <10 ug/dl and > 10 ug/dl
and Behavioral Characteristics for Children <6 Years
LEADVILLE METALS EXPOSURE STUDY

LEADVIIIE, QO
September, 1987
Variable Description Odds Ratio Confidence Limits
Household member ride dirtbike or ATV 1.19 (0.76, 1.85)
Household member cast lead into sinkers 0.94 (0.38, 2.35)
Household member paint furniture 1.11 (0.63, 1.93)
Household member paint picture 1.18 : (0.71, 1.99)
 Household member makes pottery 0.61 (0.05, 6.80)
Household member makes stained glass 0.61 {0.05, 6.80)
PLAY SURFACE AND PIAY HABTTS -
Does child have favorite blanket or toy 1.09 (0.52, 2.29)
Does child carry blanket or toy during 1.53 (0.78) 2.98)
day
Does child play outdoors : 1.43 (0.67, 3.07)
Does child wash his/her hands after 5.12 (0.36, 73.33)
playing ' '
PARENT’S OCCUPATION
Adults worked as miner or related job  1.49 . (0.99, 2.23)
Does miner shower before coming home 3.75 (0.60, 23.35)
MOUTHING BFEHAVIOR
Does child chew fingermails  0.67 (0.35, 1.30)
Child put mouth on furniture or ,
Alot vs. never . 1.47 (0.87, 2.49)
Same: vs. never . 1.23 (0,79, 1.90)
Used pacifier last six months 0.40 (0.70, 2.42)
Does. child suck thumb or fingers 1.00 (0.61, 1.66)
Child put blanket or toy in mouth 0.91 : (0.60, 1.37)
¢child often puts things other than '
food in mouth
Alcot vs. never 1.24 (0.79, 1.95)
Same vs. never ' : 0.78 (0.49, 1.26)
Does child ever put paint chips in
mouth
EATING HABITS
Food served in clay pottery : 0.83 (0.46, 1.5)
‘How often child eats seafood ' ‘
1/week vs <1/month 1.47 (0.89, 2.44)

1/month vs <1/month 1.04 (0.59, 1.85)



TABLE 31 (continued) ,
Non-significant Odds Ratios for Blood Lead Levels <10 ug/dl and > 10 ug/dl
and Behavioral Characteristics for Children <6 Years
IEADVILIE METALS EXPOSURE STUDY

LEADVIIIE, QO
September, 1987
Variable Description 0Odds Ratio Confidence Limits
Does child eat snow
Alot vs. never 1.03 (0.59, 1.80)
Same vs. never 0.92 : (0.59, 1.43)

How often household member eats
vegetables from own garden
1/week or more vVs. never 1
<l/week vs. never 0
Soil hauled to garden 1.1
Family have garden L1
How often household members eat root

12 (0.51, 2.49)
.90 (0.42, 1.93)
14 (0.46, 2.87)
23 (0.76, 2.11)

vegetables
' 1/week or more Vs. never 1.66 : (.94, 2.94)
<1l/week vs. never 1.07 : (0.66, 1.75)
Food stored in cans - 1.53 (0.88, 2.64)
CHITD DEMOGRAPHICS )
Household inccome
<$5,000 vs. 2$30,000| ' 0.47 (0.07, 3.19)
<$5,000 vs. $25-29,999 0.38 (0.06, 2.47)
<$5,000 vs. $20-24,999 0.29 (0.04, 1.81)
<$5,000 vs. $15-19,999 : 0.32 (0.04, 2.18).
<$5,000 vs. $10-14,999 0.29 (0.04, 1.85)
<$5,000 vs. $ 5- 9,999 ~ 0.64 '(0.07, 5.73)
SEX ‘
0.88 (0.60, 1.30)
RACE
White vs. Hispanic 1.11 (0.73, 1.68)
White vs. Other o 0.92 (0.46, 1.85)
Hispanic vs. Other 0.83 (0.40, 1.72)
HOUSE LIVED IN
House have storm windows - 0.88 (0.59, 1.31)
Refinished house prior to last month 1.19 (0.80, 1.77)
OTHER ‘
Child wash face and hands before eating 1.51 (0.56, 4.05)
child wash face and harnds before sleep 1.26 (0.60, 2.65)
Do dogs and cats go in and out of : 1.44 - (0.98, 2.12)
house
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TABLE 32

Final Model Based on Forward Stepwise Linear Regression of
Behaviorial Characteristics for Children <6 Years

LEADVILIE METALS .EXPOSURE STUDY

~ LEADVILIE, @
© . September, 1987

Variable Regression Partial Model Partial

Name Coefficient R2 RS F-value P-value
Intercept 4.40 120.27. <0.001
Eating leafy green -0.42 .10 .10 13.32 0.001
vegetables grown in ‘
Ieadville less than
once a week
Swallows things other -0.33 .10 .21 6.20 <0.015
than food ‘
Uses materials from -0.25 .06 : .26 9.13 0.003
the mines around
the hame
Takes a bottle or food  =0.35 .06 .32 10.89 0.001
outside to play ' : ‘ ‘
Playing on dirt or soil 0.20 .014 .36 5.96 0.016
Age -0.005 .03 .39 4.10 0.046 °
Eating leafy green 0.11 | .40 1.33 NS

vegetables grown in
Ieadville more than
once a week

R2 = .40

-81~



TABLE 33
Forward Stepwise Linear Regression of
Ervirormental Samples for Children <6 Years
LEADVILIE METALS EXPOSURE STUDY

-82-

LEADVIILE, QO

September, 1987

Variable Partial Model Partial
Name R2 R2 F-value P-value
core rear .19 .19 22.77 0<.001
' TABLE 34
Final Linear Regression Model for Children <6 Years
IEADVIIIE METAIS EXPOSURE STUDY .
LEADVILIE, QO

September, 1987
Variable ' Regression Partial
Name Coefficient F=value P-value
Intercept 3.35 : 43.11 <0.001
Eating leafy green -0.35 9.91 - 0 0.002
vegetables grown in
ILeadville less than
once a week
Eating leafy green 0.10 1.22 0.273
vegetables grown in
ILeadville more than
once a week -
Swallows. things other -0.32 6.38 0.013
than food _ : '
Uses materials from -0.20 6.25 0.014
house
Takes a bottle or = =-0.31 9.51 0.002
food ocutside to play
'Playing on dirt 0.17 . 4.76 0.032
or soil ' :
Age -0.005 - 5.10 0.026 -
Core rear 0,13 12.50 0.001
R2 = .46



TABLE 35 :
Distribution of Blood Lead Levels for Children <6 Years
LEADVILLE METALS EXPOSURE STUDY

LEADVILIE, CO :
September, 1987
Lead Group. (ug/dl) N %
< 10 89 59.3
10.0 - 14.9 39 26.0 -
15.0 - 19.9 8 . 5.3
20.0 - 24.9 11 '7,3:
> 25.0 3 | 2.0
.
TABLE 36

Comparison of Arithmetic Mean Blood Lead levels in Leadville
with Other Studies for Children <6 Years
IEADVILIE METALS EXPOSURE STUDY

LEADVIIIE, CO
September, 1987
Arithmetic Mean Blood
Study Area Iead Tevel (ug/dl}
Leadville, QO . 101
NHANES 14.9
Helena, MT
Area 1 13.0
Area 2 9.4
Area 3 6.6
Kellog, ID ’
Area 1 21.0
Area 2 17.0
Area 3 12.0
Telluride, @ 7.4
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TABLE 37

Comparison of Blood Lead Distributions for Children

Ages 6 Months to 71 Months
Percent in Range

IEADVIIIE, OO
September, 1987
__Blood ILead Group (uq/dl)
Study 0-4.9 5-9.9 >10 >15
Leadville 14 45 41 15
Western U.S.* 43 41 A 14 4
" Bunker Hill o *k 4 14
* Estimated
*#Not Available
TABLE 38 |
Percent of Blood leads Greater Than a Given level for
GSD = 1.4 AND GSD = 1.8
With a Geometric Mean of 8.7 ug/dl
LEADVIIIE, QO
September, 1987
GSD >0 _ >15 >25
1.8 40 17 3.5
1.4 34 - 0.1
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